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THE general principles of community organization based on the factors 
of the environment and the potentialities of the constituent species 
are just the same everywhere in the world but regional characteristics 
strongly influence its course of development. A marked seasonal 
periodicity in temperature and moisture conditions, as obtained in the 
plains of Northern India, produces a series of fluctuating habitats accord- 
ing to topography and these are further multiplied by varying intensities 
of loca] biotic and edaphic factors. The corresponding periodicity of 
the plants brings about organizational characteristics unique to the 
plant communities of this region. I propose to draw your attention 
to some of these interesting problems of ecology. 


The climatic conditions of the area have been well described by 
Dudgeon (1920) and some of the salient features are given by Misra 
(1958). Nevertheless, a reconsideration of phenological observations 
and meteorological data shows that the year is divisible into six seasonal 
phases known as ‘Ritus’ in oriental literature. The most important 


characteristics of the Ritus relevant to natural vegetation are sum- 
“marized. 


The ‘Vasant’ corresponding to the months of March and April 
is a period of intense phenological activity which is promoted by a 
longer photoperiod, a rise in temperature together with the widest 


~ diurnal fluctuation between the maximum and the minimum, sometimes 


- exceeding 25°C. In response’ to these stimuli, the floral and the vege- 
‘tative buds burst into fresh growth. Most of the deciduous trees lose. 


their old leaves while the young shoots are still emerging. The 


meadow vegetation and especially the prostrate crawling plants like 
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Evolvulus alsinoides L., Convolvulus pluricaulis Chois. and Berhaavia 
diffusa L. grow and flower rapidly. However, prolonged growth is 
limited for want of water in this Ritu. 


The ‘Grishma’ corresponding roughly to May and June is the 
driest period’ with the maximum temperature of the year. The desic- 
cating high westerly winds kill the exposed tissues. The meadow vege- 
tation turns brown and depauperate. The growth can continue only 
in moist areas near water reservoirs and rivers. 


The heaviest showers of the year are obtained in the ‘Varsha’ Ritu 
corresponding to July and August. These lower the temperature slightly 
and reduce its diurnal fluctuations to the minimum of the year. Seeds 
germinate easily in the warm and soaked soil; and the growth of the 
trees which was initiated in Vasant but slowed down in Grishma for 
want of moisture, is pushed up to the maximum in this Ritu. There is 
tremendous increase in plant population and mass of individuals save 
in areas open to erosion and inundation. Submerged aquatic plants 
suffer, for light cannot penetrate deep in turbid water. 


The ‘Sharad’ of September and October months is a moist period 
but again with a wide difference between day and night temperatures. 
Long and sunny intervals between sporadic showers from the retreating 
monsoon make this period ideal for plant growth which exhausts itself 
into flowering and fruiting of the annuals and low perennials. The 
shortening of photoperiod and germination of seeds, scarified by pre- 
soaking in Varsha and diurnal extremes of temperature in this Ritu, 
are significant. 


The ‘Hemant’ is a dry cool period of November and December. 
The upper layers of the soil lose moisture rapidly and the meadow 
vegetation becomes thin. Plants tapping deeper resources of water 
or growing in moist low-lying areas flourish. The trees generally 


become sluggish in growth and the old leaves by now become heavily 
cuticularized, 


The ‘Shishir’ of January and February is characterized by the 
lowest temperature of the year when frost becomes frequent. All meta- 
bolic processes within the plant slow down and buds become dormant. 
Sporadic showers of the season are not quite helpful as the emerging 
seedlings cannot be sustained in the subsequent drought. The vegeta- 
tion assumes all round an open character. 


It will be seen from this account that there are three flushes of 
vegetal growth in the year, viz., those of Vasant, Varsha and Sharad 
corresponding roughly to the months of April, July and October. The 
last two are also the periods of recruitment to the plant communities, 


_ Although most of the rains are confined to Varsha and Sharad 
Ritus, yet majority of the tree seeds germinate early in July so that in 
the following four moist months, the seedlings grow sufficiently deep 
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roots to reach soil horizons with favourable hydrological relations. 
Thus they are sustained well during the dry periods of Hemant and 
Shishir. Hence, climatically, the region is suitable for the development 
of deciduous forests throughout. Indeed, such forests covered the area 
in pre-historic times (Misra and Puri, 1954). But the activities of man 
have disturbed the soil : water : vegetation equilibria producing sharp 
environmental gradients. As a result we get all stages of temporal 
and spatial community organisations from almost the open ground and 
water to the relict forests. Descriptive accounts of the communities 
will be found in the references cited. Here I shall consider the dynamo- 
genetic principles involved in their organisation. 


It is not far from truth to assume that in any sizeable area the dia- 
spores of all the neighbouring plants reach there by the usual means of 
dispersal. In their germination, growth and establishment these have 
to encounter the habitat factors, some favourable and others hostile. 
The occupation of an area by the emigrants may be either ephemeral 
and fluctuating or continuing. In the first case the habitat is suitable 
only to a part or the whole of the vegetative growth so that no flowering 
and fruiting occur and the species is somehow maintained by recurrent 
arrival of propagules from the adjacent areas. In the second case the 
species is capable of completing the life-cycle and maintaining its vitality 
and gets adapted to the community. 


On account of the heavy human population and agriculture on 
the level ground, low-lying areas form a conspicuous feature of the 
landscape. These are either natural arising as depressions, eroded 
gullies, stream beds and oxbows or artificially dug puddles, ponds and 
tanks for utilising the earth and storing water. The latter being nearer, 
the villages are very much disturbed biotically. The substratum of the 
low-lying lands remains covered with water for nearly four to eight or 
nine months according to the depth, following July each year. The sub- 
aqueous weathering of the alluvial parent materials builds a clayey 
substratum the thickness of which is in proportion to its age. During 
the aqueous phase, it is occupied by the communities of submerged, 
floating leaf form and amphibious marsh plants. These arise in quick 
succession from the seeds, turions, rhizomes and root stocks of the 
previous year’s stand, embedded in the substratum. They attain their 
maximum Juxuriance during the Ritus of Sharad to Vasant when the 
water is clear for easy penetration of light. Floristic and sociological 
differences in the plant communities arise due to gradients in the pressure 
of biotic factors and depth, size, age and nature of the substratum. 
Detailed descriptions of these are given by Misra (1946 a). 


As the water recedes from the margin of the depressions in the post- 
monsoon seasons dry mud communities begin to develop amidst the 
lingering marsh plants. The growing points of the submerged plants 
meanwhile develop into turions which drop and get embedded in the 
mud. The sub-aqueous habitat conditions are reversed in the dry mud 
in respect of physical and chemical properties as explained by Misra 
(1938 and 1946 a)... The dry phase plants emerge from the propagules~ 
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of the previous year’s corresponding stand. Their diaspores remained 
all the while submerged under water during the aqueous phase and 
according to Mall’s (1955) data it would appear that this condition is 
essential for their germination. The plants in the early stage of the 
moist habitat possess mesophytic tissues which later become heavily 
cuticularized and hairy upon the dry cracking clay. Indeed, their struc- 
tural and physiological adaptations to rapidly changing moisture rela- 
tions of the habitat are remarkable The commonest species of this 
category are Mollugo hirta Thunb., Polygonum plebejun By., Gnaphalium 
spp., Heleochloa schenoides Host., Scirpus michelianus L., Grangea 
maderaspatena Poir., Spheran‘hus indicus L., etc. Some of these species 
have different forms on sand and silt deposits along rivers and streams 
but there are a number of other corresponding species like Chrozophora 
rottleri Juss., Arg2mon2 mexicana L., Heliotropium indicum L., Blumea 
spp., elc., on the loose substrata. 


The level grounds in between the low-lying lands and the culti- 
vated fields are generally occupied by meadow vegetation open to graz- 
ing. This may be studded with thorny bushes and trees except for 
the alkali or Usar lands. The annual and the perennial grasses (with 
annual shoots) giye a strong seasonal aspect to the communities. 
During Varsha and Sharad the moist m2adow is a closed community 
of Bothriochloa pertusa A. Camus., Dichanthium annulatum Stapf., 
Indigofera ennephylla L., Berhaavia diffusa L., Euphorbia spp., Cynodon 
dactylon Pers., Evolvulus alsinoid2s L., Convolvulus pluricaulis Chois., 
Justicia diffusa Willd., Rungia repens Nees., etc., standing out in spite 
of grazing and scraping. In the dry seasons the community becomes 
open but the total strength of the flora is not much depleted on account 
of the replacements by winter annuals. Most of these plants assume 
prostrate habit. The trees and the shrubs which may be spared by man 
and animals are the only species giving year-round feature to the land- 
scape. Even so, their phenological activities break the monotony. 


Big and small patches of forest are either conserved or just exist 
because the land is unserviceable and not easily accessible. In these 
the ground vegetation alone shows maximum structural responses to 
the seasons. 


___ The existence of ecotones with admixture of species from the adjoin- 
ing communities is quite common in the area. These need not be con- 
sidered for our present purposes. 


From the foregoing account of the plant communities it can be 
generalized that the profoundness of the seasonal changes is related 
directly to the amplitude of water relations and indirectly to the stature 
of the dominant species. In fact the smaller and superficially rooted 
plants are always more sensitive to moisture relations of the surface soil. 
The emergence of the plants from perennating structures at different 
times and their maximum growth during the rains are responsible for 
the fluctuating structure and floristics of the communities, 
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Apart from the seasonal cycles of the plant communities described 
above, there is a gradual but progressive developmental tendency among 
them towards the climatic types. Dudgeon (1920) called it topographic 
Succession. As Misra (1946 a) has already explained, monsoon erosion 
of the uplands and silting of the low-lying lands bring about topographic 
changes which alter the habitat conditions favouring establishment of 
more aggressive species with concomitant elimination of the previous 
occupants. This type of non-recurrent replacement is in line with the 
developmental succession conceived by Clements (1916). However, 
alternating wet and dry conditions with sufficient warmth and light 
favour rapid decomposition of organic matter and hence there is no sig- 
nificant contribution of the previous communities in raising up the 
low-lying bed and hence the causative factors are not biotic but extra- 
neous physiographic forces; that is, the succession is allogenic and not 
autogenic (Tansley, 1941). 


The level grounds, on the other hand, despite strong seasonal aspec- 
tion, maintain the meadow and thorn vegetation of perennial shoot 
types throughout the year. The communities are fairly stable 
(Champion, 1939) since the biotic causes for their maintenance, viz., 
activities of man and animals, are continuative (Bor, 1942). Hence, 
Misra (1946) considered them as disclimax communiti2s according to 
the concept developed by Weaver and Clements (1929). 


Disregarding the ground communities, the forest would appear to 
be more stable since it is reaching or has already reached the terminus 
of developmental succession. Biotic disturbances may bring about 
regression and secondary succession in the forest communities. Many 
of the types are given by Champion (1936). Misra (1944) has discussed 
the various stages in a relict type. The significant point deserving our 
attention at the moment is comparative freedom of the forest from struc- 
tural and floristic changes due to seasons as hinted earlier. 


Thus we have in this region a series of communities beginning from 
the aquatic and dry phases of the low-lying lands which are seasonally 
unstable to the more stable forest. The usual plant processes such as 
dispersal, migration, aggregation, competition, ecesis and invasion are 
affecting each of them towards the developmental succession. Super- 
imposed on these two tendencies is the biotic pressure giving relative 
stability to the vegetation. Whenever there is a momentary increase 

- in the intensity of this pressure the community undergoes regression and 
reattains its status through secondary succession. Thus among the 
biotic climaxes all around us we notice bioseral groupings of plants. 
All these processes working on the flora produce a very large variety of 
community organizations according to environmental gradients. 


North American and European ecologists visiting this country 
were naturally impressed by the community phenomena Occurring here 
since in their lands the growth period of summer is sharply contrasted 
by the dormancy period of winter. Dudgeon (1920), therefore, had to 
develop the concept of seasonal succession and Saxton (1922. 1924) 
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explained the situation by evolving the concept of mixed formations 
in time. As Misra (1946) has already discussed, both the concepts are 
untenable since aspects and communities of seasonal character cannot 
be regarded as phenomena of succession which is always developmental 
and non-recurrent. Indeed the same objections, raised by ecologists 
against retrogressive succession, hold good against seasonal succession 
also. Saxton (1924) took into account only growth forms of the plants 
with regard to moisture gradients of the habitat and in grouping them 
into synusia he paid no regard to spatial characters of the communities. 
The synusia proposed by him are hypothetical and unworkable. Both 
the authors, in fact, have overemphasized the temporal relations of the 
communities. Succession, regression, seasonal aspects and community 
are fully established concepts of ecology and we have to explain the plant 
phenomena without unnecessarily modifying them. 


Whittaker’s (1953) population-pattern climax concept will perhaps 
meet our situation best. It is a steady state of community productivity, 
structure and population within a mature ecosystem. We can thus 
regard the successionally stable (though seasonally rotating) grasslands 
and forests as climaxes of the population-pattern type in which all the 
organisms, viz., plants and animals, are adjusted with the physical 
environment and towards each other. The communities of the dry 
and the aquatic phases of the temporary ponds are regarded by Misra 
(1946) as seral, each following its own line of succession, though in the 
same area but at different times, till they converge into the meadow 
climax. It is only on such consideration of a hydrosere and a xerosere 
of the low-lying lands that the communities can be given uniformity, 
area, boundary and duration which are the essentials of the organiza- 
tion, as rightly professed by Gleason (1936). 
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INTRODUCTION 


Tue earliest account on the vegetation of the Indian desert is by King 
(1879) followed by Macadam in an undated publication, Blatter and 
Haliberg (1918-21) and Sabnis (1919-21). In recent years much atten- 
tion has been paid to the desert vegetation and numerous workers like 
Mulay and Ratnam (1950), Ramachandran (1950), Ratnam (1951), 
Sankhala (1951), Sarup (1951, 1952), Agharkar (1952), Biswas (1952), 
Krishnaswamy and Gupta (1952), Puri (1952), Ratnam and Joshi 
(1952), Biswas and Rao (1953), Bakshi (1954). Sarup and Dutta (1954, 
unpublished), Nair (1954, 1956), Nair and Nathawat (1956, 1957), 
Nair and Joshi (1957), Joshi (1956 a, b, 1957 and 1958) and Sarup and 
Vyas (1957) have contributed valuable information. Real foundation 
regarding the autecological work in India was first laid down by Misra 
and Siva Raoin 1948 and was followed by Srivastava and Tandon 
(1951), Bakshi (1952 a, b), Bakshi and Kapil (1952, 1954) Pandeya (1953), 
Sarup and Singh (1953, unpublished), Sarup and Tandon (1951, un- 
published), Joshi and Bhartiya (1957, unpublished), Joshi and Mahajan 
(1957, unpublished), Joshi and Paul (1958. unpublished), and Joshi and 
Trivedi (1958, unpublished). 


After going through the above work one can conclude that the 
autecological work has been really neglected in spite of the fact that it 
has been emphasized to be of utmost importance by various authors. 
Hence a thorough investigation of Gisekia pharnaceoides has been 
undertaken in the present work. 


The genus Gisekia has been reported from various parts of 
drier and warmer regions of Africa, Baluchistan, Afghanistan, Sind and 
Ceylon. In India it is fairly common in most parts such as Punjab, 
Rajasthan, Gujerat, Konkan, Deccan and Carnatic of Madras Presi- 
dency (Kirtikar and Basu, 1929; Hooker, 1879), 


In Rajasthan, Blatter and Hallberg (1918-21) reported it from: 
Jodhpur: Jodhpur, Osian, Bhikamkor near Badka, Barmer. Jai- 
salmer; Jaisalmer sand, Sodakoer san, near Loharki sand,. Vinjorai 
and near Devikot, 
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Joshi collected the plants of Gisekia pharnaceoides during July and 
August 1931 from near Hoshiarpur, a sub-Himalayan locality in the 
Punjab. According to him the plants of Gisekia pharnaceoides are 
quite abundant on the sandy banks of a broad seasonal stream which 
is locally known as Cho (see Joshi and Rama Rao, 1936). 


Recent records of the plant are by Ratnam and Joshi (1952), Bakshi 
(1954), and Joshi (1958) from Pilani, Joshi (1956) from Bikaner, Joshi 
(1957) from Jaipur division, Nair (1956) from Chirawa, Nair and Natha- 
wat (1957) from Harsh Nath Aravalli Hills, who have all observed it 
growing mostly in open sandy areas. 


The genus Gisekia is represented only by one species, Gisekia 
Pharnaceoides, in the area. In Pilani, the plant sprouts after the first 
few showers of rain and is found mostly in open sandy areas. It is 
common on sand-dunes, man-made sand walls around the cultivated 
fields and the sandy plains. It generally occurs in patches growing more 
or less on slopes than on the tops. It is less common in the shady areas 
and in places where the vegetation is too thick. It is rarely found on 
hard grounds. However, it can be found growing at certain places 
in association with—Mollugo cerviana Ser., M. nudicaulis Lamk., 
Borreria hispida Linn., Tephrosia purpurea Pers., Euphorbia clarkeana 
H.K.f., Cenchrus biflorus Roxb., Aerva javanica (Burm.f.) Spreng, 
Corchorus aestuans Linn., Berhaavia diffusa Linn., Crotalaria burhia 
Ham., Polygala erioptera Ham., Farsetia jacquemontii Lamk., Phyllan- 
thus madraspatensis Linn. 


LOCATION AND TOPOGRAPHY 


Pilani is situated in the north-western part of Jhunjhunu District 
of the Jaipur division of Rajasthan. Except for the two hillocks—one 
to the north (see Pahari) and the other to the south (see Narhar rocks) 
the area is a semi-desert covered with various types of sand-dunes 
(see Joshi, 1958). There are no natural streams within the area except 
a circular canal, called Shiv Ganga, situated in the heart of Vidya Vihar. 
Pilani is situated at an elevation of nearly 300 metres above sea-level. 
In pursuing the present investigation the following nine localities were 
selected in and around Pilani for detailed study (see Text-Fig. 1). 


(1) Shiv Ganga area, (2) Pond area, (3) Farm area, (4) Rajasthan 
Hostel area, (5) Police Station area, (6) Birla College area, (7) Chand- 
mari area, (8) Electronics Institute area, and (9) Jherli area. 


EXTERNAL MORPHOLOGY 


Gisekia pharnaceoides is a diffuse, branched, somewhat succulent, 
glabrous herb from 4—-50cm. in height. 


. Root.—The nature of root systems and their relative penetration 

in the substratum are affected considerably by different conditions, such 
as nature and composition of the substratum, moisture of the soil, 
aeration, porosity and organic content of the soil, 
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Text-Fic. 1. Map of Pilani and its neighbourhood showing the localities fixed 
for detailed study. (1) Shiv Ganga Area, (2) Pond Area. (3) Farm Area, (4) Raja- 
sthan Hostel Area, (5) Police Station Area, (6) Birla College Area, (7) Chandmari 
Area, (8) Electronics Institute Area, (9) Jherli Area. 


The root system of Gisekia consists of a tap root with thin 
lateral branches which ramify in all directions, The main roots with 
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the laterals were traced carefully in the soil and were charted from 
different localities and at different times during the course of this 
investigation. 


In purely sandy localities the root system is found to be very long. 
The plants growing on slopes of the dunes show root systems more than 
five times the length of the shoot. 


___ The root system of the plant from rocky and very hard soils, where 
it is usually absent or very rare, is not at all deep, but the branching is 
profuse. The laterals ramify only in the superficial layers of the soil. 


In the clayey and black cotton soil the root system is again feebly 
developed, which may be due to the fact that the compactness of the 
soil hinders the quick development of the root. A few typical types 
have been shown in Text-Fig. 2. 


Shoot.—The aerial, creeping, herbaceous, solid, cylindrical stem 
is glabrous and rough. It is greenish white in colour having long inter- 
nodes. At each node there are two subopposite leaves from the axils 
of which the branches arise. 


Leaf.—The fleshy, cauline, subsessile, exstipulate, simple, linear, 
spathulate and dorsiventral leaf has entire and smooth margins, sub- 
acute apex, membranous and tapering base, and glabrous surface. 
The length and breadth of the leaf is 0-4 cm. to 4-5 cm. and 0-1 cm. to 
0-6 cm. respectively. The length of the petiole is up to 6-0 mm. 


Flower.—The ebracteate, monochlamydeous, hermaphrodite and 
actinomorphic flowers have short pedicels (2-5 to 4mm.). Each flower 
has five small, oblong, persistent, free quincuncial tepals with pinkish 
white membranous margins. 


The andreecium consists of five stamens alternating with the tepals. 
The short filament is much dilated at the base and bears dithecous basi- 
fixed anther. The apocarpous gynecium is pentacarpellary. Each 
uniovulate carpel has a short-hooked style with somewhat viscid stigma. 


Fruit and seed.—The fruits are indehiscent having membranous 
and papillose fruit wall. The shining seeds are small and black. 


Phenology.—The phenology of the plant is as follows :—Gisekia 
sprouts only after the first few showers, which are received in Pilani 
during the end of June and beginning of July. It is found to be 
most abundant during the next two months and then gradually becomes 
less and less and disappears by the end of October or first week 
of November. The flowering of the plant starts from the middle of 
August with the seed output beginning from first week of September. 
This year it was found in good condition at certain places even up to 
January 1957 which may be due to the exceptionally wet year of 1956. 
The plant perennates by the root stock and at the same time sprouts 
again during winter and appears in nature by the end of November 
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TEXT-Fic. 2. Band C, Root systems as present on the loose sandy plain areas 
of Rajasthan Hostel Area. A and D to F. Root systems from the loose sand of 
Birchanoid dune areas of Dev Road and Police Station Area. G to I. Rocts from 
the l2ss mobile sand of ‘Fusing Barchancids’ of the Chandmari Area. Jto M. Root 
systems as charted from the stabilized dunes of the Pond Area. NtoQ. Roots as .| 
taken from the loose sand of the longitudinal due ridge from the Electror.ics Institute 
Area. R to T, Roots as excavated from the Barchanoid dune areas of Jherli, 
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U to X. Root systems from ths close vicirity of nurser j 
3 ry near Shiv Garga Area. 
ae xe Roots as represented on the well manured loose sand of the Agicultia) 
rea. 


(All the roots are reduced to 4 natural size except for I which is reduced to 1/23 
natural size approximatelv.) 


or first week of December. These plants are feebly developed and show 
very little growth in size and appearance. The flowers and fruits can 
be seen even by the end of March. 


_ Economic importance.—Gisekia is one of the important foods of 
animals especially, cows, goats, sheep and camels. The plant has got 
important medicinal value. It is acrid, pungent, digestible, alexiteric, 
anthelmintic, vulnerary. It is used in curing scabbies, thirst, rhinitis, 
bronchitis, loss of appetite, heat troubles, leprosy, leucoderma, urinary 
diseases (Ayurveda). The plant has been found to act as a powerful 
anthelmintic in case of Tenia. 


ECOLOGICAL ANATOMY 


The material for the anatomical studies was collected during the 
months of August and September, 1956, and was fixed on the spot in 
formalin-acetic alcohol. Free-hand transverse sections as well as 
microtome sections were taken and studied. Safranin and fast green 
combination gave the best results. All drawings were made by camera 
lucida (Text-Figs. 3-5). 


The ecological anatomy of the various parts of the plant reveals 
some interesting and peculiar features which are as follows :— 


Root.—The material in transverse section shows a typical structure 
of a dicot root. The cells of the epiblema are thickened on outer walls. 
The cortex is not many layered and many cells of it contain raphides. 
Just below the epiblema is a two-layered cork-cambium. The root is 
diarch with abundant formation of secondary tissues (Text-Fig. 3). 


Stem.—The transverse section of stem shows the epidermis with 
cells thickened on the outer side. Stomata are absent. Hairs are uni- 
cellular (Metcalf and Chalk, 1950) but are present only on ridges. The 
cortex is parenchymatous ranging from three to four layers of cells. 
Some of the cells are filled with raphides. The endodermis forms a 
complete ring. Pericycle is sclerenchymatous and completely surrounds 
the inner tissue. According to Metcalf and Chalk (1950) stone cells 
are present in pericycle but in our material no stone cells were observed. 
Phlem and xylem form a complete ring surrounding the central paren- 
chymatous pith. The amount of secondary tissue is small in contrast 
to the root (Text-Fig. 4). 

Leaf.—Leaf is dorsiventral and the surfaces are coated with wax. 
The epidermal cells are large and bladder-like with thick cuticle on out- 
side. All the cells of the epidermis are not of the same size but are 
intercalated by small cells as reported by Metcalf and Chalk (1950). 
The cells of the lower epidermis near the midrib are much smaller than 
{hat of the upper epidermis. The stomata are of Ranunculaceous type 
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Text-Fic. 3. Showing ecological anatomy in transverse section of root of 
Gisekia pharnaceoides. 


(Metcalf and Chalk, 1950). There is a single layer of palisade tissue 
below the upper epidermis. The spongy tissue is absent. The rest of 
the mesophyll consists of parenchymatous tissue containing chloro- 
plasts. The number of chloroplast in the cells varies from 6-21. The 
chlorophyllous bundle sheath is clear. The average number of veins 
in the leaf is 19. Raphides are very common in the leaf (Text-Fig. 5). 


The important xerophytic anatomical characters shown by the 
plant are as follows (Text-Figs. 3-5) :— 


(1) Thick-walled epidermis. 

(2) Thick cuticle and coating of wax on leaves. 

(3) Presence of palisade and large number of chloroplasts. 
(4) Large epidermal cells of the leaf. 
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TExT-Fic. 4. Showing ecological anatomy in transverse section of stem of 
Gisekia pharnaceoides. 


ENVIRONMENTAL FACTORS OPERATING ON THE PLANT 
Climatic factor.—The climatic factor is of utmost importance in 
governing the distribution and growth of the plant. 


(a) The climate of Pilani is characterized by extremes of tempera- 
ture. The cloudless sky leads to rapid cooling of land surface at night. 
Hence the day temperatures are too high while the nights are pleasant. 


The temperature begins to rise by the middle of March and starts 
falling by the middle of June, with the highest temperature in May. 
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Text-Fic. 5. Showing ecological anatomy in transverse section of leaf of 
Gisekia pharnaceoides. 


During summer months dust storms followed by hot waves often occur 
and are common in May and June. The dust storms bring about a 
sudden fall in temperature which sometimes results in rain. 


The temperatures are usually very high specially in sunny days. 
Since there is low water content in the soil surface and pore-spaces are 
larger, it serves as poor conductor of heat. Hence only superficial 
layers get heated and not the deeper ones. Thus the roots are embedded 
in cool sand even on hot days. The winters are very cold beginning 
from November to February. The average minimum and maximum 
temperature and rainfall for the year 1956 are shown in Text-Fig. 6. 


The rainy season starts with the beginning of July. According 
to the record available from the local Agricultural Farm, Pilani, gets 
an average annual rainfall of about 357mm. In 1956 it w arly 
657mm. The rains set mainly in August while some also r in- 
June, July, September and October. Rains are usually heavy and of 
the cloud burst variety. They are distributed unevenly in time and have 
an enormous range of variability about the yearly mean. Rain water 
is quickly absorbed by sandy soil so that after a short time of rain, the 
soil surface shows no features of rain. Winter rains are also not 
wncommon. oe 
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TeExT-Fic. 6. Showing maximum, minimum temperature and rainfall during 
January to December 1956, for Pilani. The temperature readings for the months 
of May and June were’ not recorded. 


Light plays an important part in the shape, size, colour, seeding, 
fruiting, etc., of the plant. From the observations collected the effect 
of light on Gisekia pharnaceoides is that it usually grows in open com- 
munity, where competition for light is negligible. More often it is 
found in open areas where it can receive sunlight throughout the day 
though one may come across, sometimes, some plants in shade. Such 
plants are of faint colour and show less number of capsules. 


The wind velocity plays an important role in the dispersal of seeds. 
The fact that the.seeds of Gisekia are small and the plant usually grows 
on slopes, helps in the dispersal of seeds. Wind velocity, however, has 
not been recorded. In winter sometimes there are cold waves. 


Dew is considered by some authorities to be a source of water. 
It is deposited in all seasons of the year, though the amount varies con- 
siderably according tothe climatic conditions. Annuals and shallow 
rooted plants make use of moisture precipitated as dew. Gisekia, which 
comes up after rains and dies out after rainy season, makes use of dew 
when it again sprouts during winter. The dew content has got its 
importance to the plant during this time. The percentage dew content 
was found from the difference of soil moisture percentages as estimated 
in the evening and the following morning on clear days. The per- 
centage moisture gain in soil by dew as calculated is recorded in Table I. 


e 
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TABLE I 


Percentage moisture gain in soil by dew 


Depth in cm. at which dew content 


was recorded 
Locality Date 
Surface 1-0 2-0 4-0 
Shiv Ganga area Nov. 1956 | 1-00 1-14 2-24 3°88 
Dec. 1956} 1-21 1-52 1-36 0-94 
Pond area Nov. 1956 0-80 1-01 1-00 1-70 
Dec. 1956 | 0-90 1-30 1-41 1-65 
Farm area Nov. 1956 | 3-29 | 1-71 | 1-62 | 1-39 
Dec. 1956 4-58 2-19 3-12 2-47 
Rajasthan Hostel area Nov. 1956 | 0-82 1-20 1-05 0-90 
Dec. 1956 0-71 1-10 0-89 0-60 
Police Station area Nov. 1956 | 0-94 0-87 1°35 1-07 
Dec. 1956 0-62 1-10 0-70 0-42 
Birla College area -|, Nov. 1956 | 0°35 1-19 2-68 1-52 
Dec. 1956 | 0-07 0-28 0-30 0:47 
Chandmari area Nov. 1956 | 0:17 0-69 0-53 0-50 
Dec. 1956 | 0-51 0-93 0-45 0-57 
Electronics Institute area Nov. 1956 | 0-42 0-82 0-81 0-62 
Dec. 1956 | 0-59 0-62 0-82 1-00 
Jherli area .-| Nov. 1956 0-59 1-20 0-89 0:60 
Dec. 1956 |} 0-48 0-52 0-23 0-64 


Edaphic factor* —The characteristic features of the soil as investi- 
gated from time to time at various depths were recorded. The analysis 
of soil samples revealed the following important aspects: 


(1) The texture of the soil ranges from loose sand to hard com- 
pressed soil with the colour ranging from brown to brownish black to 


black. 


(2) Water content of the soil is low except in Agricultural Farm 
area where due to artificial watering the percentage is high. 


(3) Organic content is usually very low except for a few spots 


where it is quite high. 


(4) Carbonate content is very poor in nearly all the soils while 
Chloride content is well represented in most of the soil samples of differ- 


ent localities. 


* In the interest of ‘economy of space the detailed tables have been omitted and 


the data have been summarized. 


AUTECOLOGY OF GISEKIA PHARNACEOIDES 19 


__G) Nitrates are in fairly good amount and are well represented 
with the depth. 


(6) Reductivity records show the deficiency of replaceable bases 
in the soil samples. 


(7) The pH value ranges from 7-0-8-5 showing that the soil is 
mostly alkaline in all localities. 


Biotic factor —Man plays an important part since the plant is of 
considerable medicinal value. Apart from man, the grazing cattle like 
sheep, goats, donkeys, camels and other animals like rodents, rabbits, 
peacocks and sparrows are additional sources of biotic disturbance. 
The peacock is fond of tender shoots of the plant. The termites and 
grasshoppers also affect the healthy growth of the plant. Ants have 
been seen carrying the seeds. Soil micro-organisms were, however, not 
noted. 


GERMINATION EXPERIMENTS 


The germination experiments were conducted from last week of 
July 1956, with the seeds collected during October 1955. Ten Petri 
dishes were kept with 25 seeds in each, on wet filter-papers, for each 
experiment. The filter-papers were kept wet by watering them after 
the adjusted time. No direct sunlight was allowed on any of the set 
of experiments. The experiments were carried out in the laboratory 
near a glass window where they received only diffused light. Daily 
observations were taken and after the counting, the germinated seeds 
were removed from the sets in order to avoid any possible error. The 
whole sets of experiments were repeated again and the mean of the two 
readings was taken. The observations were taken for 45 days. 


(a) Diffused day-light.—A set with the seeds was placed near the 
glass window of the laboratory so as to get diffused day-light. At night 
the seeds remained in complete darkness. The first seed germinated 
within 24 hours of soaking and others followed on different days with 
the last doing so after 36 days. The percentage germination was found 
to be 24. 


-. (b) Continuous light—The set was kept in diffused light during 


the day-time while in the night the light regime was extended by electric 


light (Bulb of 500 Watts). Germination started within 16 hours and 
continued only for 17 days. The percentage germination was found 
to be 14. 

(c) Continuous dark.—The set was kept in continuous dark. 
Germination started within 24 hours of sowing and continued for 
32 days. The percentage germination was 20. 


Results of “germination experiments (a), (b) and (c) are plotted in 


‘Text-Fig. 7. . 


- (d) Alternate drying and wetting —The set was kept wet for 24 hours 
and then dry for next 24 hours and’so on. It is reported that the rate 
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TExT-Fic. 7. Showing germination of Gisekia pharnaceoides seeds in diffused 
day-light, continuous light and continuous dark. 


of germination increases by alternate drying and wetting, e.g., Chippin- 
dale’s report (see Porter, 1949) for Dactylis glomerata. However, in 
Gisekia pharnaceoides, the case is reverse as the percentage germination 
goes down to 8. 


(e) Alternate dark and light—The set was kept for 24 hours in light 
and then 24 hours in dark and the same was repeated. The germina- 
tion of seeds started after 24 hours and continued for twenty-four days. 
The percentage germination was 19. 


(f) Mechanical scarification—The seedcoats were broken by plac- 
ing the seeds in between two blotting-papers and beating gently by a 
glass rod. Before germination experiment seeds with intact contents 
within the ruptured testa were selected. Most of the workers in the 
field of autecology like Misra and Rao (1948), Bakshi (1952 5) have 
noted increase in the percentage germination following such treatment. 
In the present case, however, a decrease in the percentage germination 
was observed which was as low as 10. The seeds started germinating 
within two days and continued for sixteen days. 
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TEXT-Fic. 8. Showing germination of Gisekia pharnaceoides seeds in alteirate 
dark and light, after breaking seedcoat and alternate drying and wetting. 


(g) Effect of preliminary period of darkness.—For this experiment 
16 Petri dishes were placed, one in light and the rest in darkness. One 
Petri dish from the dark was transferred to light daily. The whole 
experiment was duplicated and the mean of the two was taken. It is 
observed that the preliminary period of darkness has a reverse effect 
on germination which decreases with an increase in the dark period. 
Bakshi (1952.4) observed in Anisochilus eriocephalus the increase of 
normal percentage germination from 6-2-13-4 by an increase in the 
preliminary dark period for seven days and then a sharp fall almost 
to zero on twelfth day. 


The effect of preliminary period of darkness on the percentage 
germination of the seeds of Gisekia pharnaceoides is shown in Text- 
Fig. 9. 


(h) Effect of atmospheric temperature.—The experiments were con- 
ducted at intervals during August to December 1956, in order to find 
any effect due to atmospheric temperature on germination. It is noted 
that the germination rate decreases with the decrease of atmospheric 
temperature, showing thereby that low temperature of winter do not 
favour germination, The maximum percentage germination is in the 
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TexT-Fic. 9. Showing the effect of preliminary period of darkness on the 
percentage germination of the seeds of Gisekia pharnaceoides. 


PERCENTAGE GERMINATION 


month of August when the atmospheric temperature may go up to 
38-8° C. and the minimum 27:2°C. 


CULTURE EXPERIMENTS 


The differences in growth, size, branching, height, fruiting and seed 
output of the plant in different habitats inspired the authors to do 
culture experiments. A number of pots containing different soil sub- 
stratum were kept and interspecific competition, flowering, fruiting and 
seeding of the plants were noted. Side by side the aggressive capacity 
of the species was also observed. 


The seeds were sown in seven pots which were numbered and kept 
side by side, containing the following substrata: 


(1) Soil from the habitat of the plant, (2) Loam, (3) Brick-kiln 
soil, (4) Sand, (5) Farm soil, (6) Black cotton soil, and (7) Garden 
soil. 


The pots were kept in a wire house of the Botanical Garden and 
another set near a glass window of the laboratory and were moderately 
watered once a day. 


It was observed that in both the sets the seedlings appeared within 
two days of sowing in pots 2, 3, 4 and 6 while in the rest the process was 
delayed by two to six days. Seedlings growing in sand were the 
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healthiest and those of the black cotton soil were the most stunted. 
The pots containing loam and habitat soil also gave rise to healthy plants 
but not as much as in the pot containing sand. The plants growing in 
pot number four were the longest and richly branched bearing more 
fruits and seeds than others. The plants growing in black cotton soil 
were the smallest. The relative growth of plants grown in various 
pots is shown in Text-Fig. 10, 
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TextT-Fic. 10. Showing the relative growth of plants grown in pots in culture 
experiments. ; 


i 


In order to observe the effect of interspecific competition on Gisekia 
pharnaceoides, two pots containing natural soil were kept. In the first 
only Gisekia was allowed to grow while in the second other associate 
plants were also allowed to grow. It was found that in the first pot the 
plants were healthy while in the second the plants were stunted showing 
thereby that Gisekia pharnaceoides cannot stand interspecific competi- 
tion. In nature also the same is observed, 
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In order to know the effect of watering on plants of Gisekia pharna- 
ceoides three pots containing natural soil were kept. First pot was 
watered daily, the second on alternate days while the third was kept 
water-logged. The best growth was in the first pot while no growth 
of the plant took place in the third pot. This shows that the plant 
requires moderate watering for its survival. 


REPRODUCTIVE AND AGGRESSIVE CAPACITY 


Salisbury (1942) has studied the reproductive capacity of a large 
number of species. He defines it as the product of average seed output 
and fraction represented by the average percentage germination. It is 
a measure of the intrinsic capacity of a species to increase its number 
in time provided the existing factors are favourable. 


The reproductive capacity of Gisekia pharnaceoides as worked out 
comes to 226. The reproductive capacity of some species is given in 
Table II for comparison. 


TABLE II 
| 
Speceis Hadden t | perctage prove Authority 
| | 

Anagalis arvensis ve 150 ) 45-0 67 Salisbury 
Anisochilus eriocephalus ont -2E,412 | 6:2 1,328 Bakshi 
Digitalis purpurea .»| 100,000 | 100-0 | Very high| Salisbury 
Gisekia pharnaceoides m4 940 | 24°0 226 Present work 
Lindenbergia polyantha eat VW73L. | 980 70,226 Misra and 

| Siva Rao 
Mercurialis perennis ee 300 | 5:0 15 Mukerjee 
Mollugo cerviana oe 1,689 46:0 777 Bakshi & Kapil 
M. nudicaulis sf 0 040' |. Bes0 526 | Bakshi & Kapil 


_ The potentialities of a species to spread and colonize may be de- 
scribed as its “aggressive capacity’? and it can be represented by the 
product of its average reproductive capacity and the average percentage 
survival of the seedling in its natural habitats (Bakshi, 1952 5). 


On account of frequent grazing by animals the plant has very little 
chance of surviving in nature and hence attempts made to study the 
aggressive capacity in the field always failed. Thus this factor was 
studied from the culture experiments from which it is found that the 
rate of mortality among seedlings is very high and the plant cannot exist 
even against the slightest unfavourable condition. Thus. the aggressive 
capacity of this species seems to be very low, 
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SEED OUTPUT 


Size, shape and weight of seeds —The seeds of Gisekia pharnaceoides 
are minute and black. About 10 seeds from each locality were measured 
and the average length and breadth of the seed is found to be 0-192 mr 
and 0-101 mm. respectively (see Table III). 


TABLE III 
Locality cae ah ae chia Se han 
| examined 

Shiv Ganga area ca 10 0-181 0-068 — 
Pond area ie 10 0-172 0-069 
Farm area Sc 10 0-168 0-102 
Rajasthan Hostel area oc 10 0-191 0-070 
Police Station area ac 10 0-189 0:077 
Birla College area we 10 0-192 0-091 
Chandmari area AG 10 0-200 0-150 
Electronics Institute area oe 10 0-201 0-152 
Jherli area os 10 0-210 0-131 

Average .. at 0-192 0-101 


One hundred seeds from different localities were weighed and 
the average weight of one seed is found to be 0-0003200gm. The 
average weight of seed is considerably low but lighter seeds as those of 
Lindenbergia polyantha Royle (Misra and Siva Rao, 1948), Mollugo 
cerviana Ser. and Mollugo nudicaulis Lamk. (Bakshi and Kapil, 1952 
and 1954) are on record. 

TABLE IV 


Average seed weight in grams of some species 


Average seed 


Species Habitat aaten Authority 
j j .. | Dunes and culti- 0:0005510 | Dallman (quoted 
Anagalis arvensis Barer eon Reiger buen 
Arenaria tenuifolia .. | Sandy fields 0-0000420 | Salisbury 
Euphorbia portlandica -.- | Dunes 0-0016000 | Salisbury 
Gisekia pharnaceoides Sandy soil and 0-0003200 Present. work 
dunes 
Mollugo cerviana do. 0-0000124 Bakshi and Kapil 
Mollugo nudicaulis -- | Sandy soil and 0-0000500 Bakshi and Kapil 
; cultivated ground 
Samolus valerandi .. | Sandy places 0-0000220 Salisbury 
. | Dunes _ 0-0002370 | Salisbury 


Trifolium suffocatum 
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TABLE V 
Capsule number per plant in successive number classes 
Succes Nitaier ruben 44 Capsule number per plant | Average 
Locality Heh of plants of a - aise ~ 
class studied | plant Max. Min. | Mean | per plant 
in cm 
1 2 3 | 4 5 6 | 7 | 8 
, | 
Shiv Ganga area . | Ist 125 | 5:3 | 52 | 10 | 31 25 
do. ..| 2nd | 125 | 9-8 eearre mar 76 70 . 
do . | 3rd 125 11-0 142 | 99 120-5 102 
do w-| 4th |, 195 | 161 | aig | 147} 18965 | 181 
sas Ea [i Laon ae | bes 
Pond area cele “ist 125 4:0 | 10 3] Ves 5 : 
do e 2nd 125 6:3 22 12 | 17 15 
do «| 3rd 125 65 30 24 | 27 26 
do . 4th 125 17-0 | 50 32 | 41 56 
do oe 5th 125 30-0 55 Neh | 86 94 
Farm area aus . ree Tres ah 55 ll i‘ 39 any 
do oe 2nd 125 11-5 105 57 81 74 
do. ; 3rd 125 17-4 204 116 160 105 
do . 4th 125 20°9 488 225 | 356-5 296 
do. ap 5th 125 36°3 930 488 709 648 
Rajasthan Hostel | 1s | 128 | 7-6 | 68 | 128-1) 30 33 
area } 
{ 
P 
{ 
; 


a 
a 
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TABLE V—Contd. 
Succes- NaesGer ea Capsule number per plant | Average 
Locality she eee of plants of Bane 
class ptodied aoe Max. Min. Mean | per plant 
1 2 3 4 5 6 7 8 
Birla College area .. Ist 125 5-5) 4} 59 14 36°5 27 
do. 2nd 125 } 9-5 91 60 75°5 73 
do. : 3rd 125 | 13-0 | 130 99 | 114-5 115 
do, 4th 125 18°6 | 210 135 | 172-5 164 
do. : 5th 125 23-0 320 212 266 265 
Pitgamar idee Bei ae Bere Met opd Seno, seat hese Mik gebe 
do. 2nd 125 9-6 135 65 100 93 
do. 3rd 125 11-6 168 136 152 149 
do. : 4th 125 13:6 | 210 170 190 178 
do. 5th 125 21:0 | 269 212° | 240°5 251 
Electronics Tiatiate aie 125 - ey ain Py, 5-5 28 
ait do. 5 2nd 125 7:3 94 4] 67°5 66 
do. jel ore 125 | 11-9 | 168 96 132 136 
do. 4th 125 11-8 238 172 205 184 
do. 5th 125 25-0 392 240 316 301 
Jherli area Tae eG Vets 10-2 80 rare 56-5 ae 
do. 2nd 125 18-2 | 170 85 | 127-5 125 
do. srd | 125 -| 19-6 | 227.) 174 | 200-5 | 197 
do. d 4th 125 26-0 | 446 230 338 336 
do. | 5th 125 | 25-5 598 498 548 | 548 


AVERAGE FOR NUMBER CLASSES 


Ist 

2nd 
3rd 
4th 
5th 


33°4 
84°6 
152-5 
252-2 
428+4 
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Seed output.—The average seed output of the species is determined 
by taking the mean of the products of the number of seeds per capsule 
and number of capsules per plant (Salisbury, 1942). 


In order to study the variation of seed number per capsule and 
capsule number per plant, an exhaustive study was carried out in each 
locality. During the extensive field study the authors could not get 
the variation in seed number per capsule. The seed number per cap- 
sule was always found to be five. The soil has a marked effect on the 
production of capsules. The plants growing on sand-dunes are found 
to have more capsules. The account of average height and capsule 
number per plant is given in Table V. 


It is observed that the number of capsules per plant increases with 
the increase in height of the plant. 


Influence of soil on seed output——Throughout the field-study it is 
found that the plants growing on sandy areas have got larger number 
of capsules in comparison to the plants growing on hard and stabilized 
areas. Hence it is concluded that soil condition has got marked effect 
on the seed output of the plant. 


TABLE VI 
Locality oie | Case the No. of ‘No. of | No. of 
studied | capsules capsules | seeds per . seeds per 
per plant capsule | plant 
Shiv Ganga area . 150 16,059 107 5 535 
Pond area “ae 150 5,855 39 5 195 
Farm area is 150 34,830 232 5 1,160 
Rajasthan Hostel area se 150 61,790 412 5 2,060 
Police Station area a 150 35,549 237 5 | 1,185 
Birla College area ee 150 19,350 129 5 | 645 
Chandmari area He 150 21,157 141 5 705 
Electronics Institute area .. 150 21,500 143 5 715 
Jherli area ve 150 37,835 252 5 1,260 
Total ie ey Cea ~ 1,692 Ses 4 8,460 
ee Average + ke te ae 4, 188 ing eee Nd 940 


Buoyancy of seed.—The ripe seeds were carefully placed on the 
surface of water, they remained floating for several days sinking only 
when disturbed, Thus buoyancy of Gisekia seeds is quite high, 
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Resting period of seeds.—Ripe seeds freshly collected from the 
plant were sown in the laboratory. Germination did not take place. 
The experiment was repeated several times at different intervals of the 
collection and from the observations it is concluded that the seeds 
germinate only after a certain period of rest which may vary from four 
to six months. 


DISCUSSION 


In Pilani G. pharnaceoides grows mostly on open sandy areas and 
usually on slopes where the competition for light is negligible. Such 
habitat ensures well aerated and drained substratum and the intensity of 
grazing 1s also low. Gisekia pharnaceoides is a rainy season plant, 
sprouting after the first few showers. It develops diffused branching 
within two weeks of its germination and completes its life-cycle within 
ten to twelve weeks. During the course of the present study it was 
found that among its close associates Gisekia pharnaceoides is first to die 
followed by Mollugo nudicaulis and then Mollugo cerviana. 


The seeds of Gisekia pharnaceoides are very small and light, con- 
taining a very small amount of food. Due to the lightness of the seed 
and the occurrence of the plant on the slopes, wind plays an important 
role in dispersal. As the seeds do not become viscid even on wetting, 
rain water washes them towards the base and the surrounding area. 
Sometimes ants also carry these seeds and thus help in dispersal. 


The average percentage germination of the seeds in diffused light 
is 24. In continuous dark and continuous light the percentage germi- 
nation is reduced to 20 and 14 respectively. Experiments under condi- 
tions of alternate dark and light, alternate drying and wetting, and 
after breaking seedcoat have also given low germination being 19, 8 
and 10 respectively. The effect of preliminary period of darkness, on 
germination of Gisekia, tallies more or Jess to that of Mollugo as shown 
by Bakshi and Kapil (1954). Further the seed requires a resting period 
of about four to five months. At the same time the suitable maximum 
and minimum temperatures as recorded for the germination are 39-6° 
and 28-5° C. obtainable in the months of July, August and September. 
This is the most suitable time for its growth in nature. 


The seeds of Gisekia usually do not grow if they are sown deep. 
It was found that the different soil substratum has varied effect on the 
germination of the plant. The results of the culture experiments clearly 
indicate the fact that Gisekia grows best in sand and its growth is 
most stunted in black cotton soil. The plant does not survive water- 
logging. Gisekia cannot withstand interspecific competition. This fact 
is supported from the observations on the field, where Gisekia 1s 
found growing in patches. Gisekia plants are rarely seen where the 


vegetation is thick. 
The climate of Pilani is characterized by extremes of temperatures 


as. is-clear from Fig. 6. Most of the rains are received during the 
months of July and August while a few showers are also not uncommon 
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during winter months. It is at this time that fresh Gisekia plants sprout 
up again. The plant perennates by means of the underground stock 
of roots. These plants are not as vigorous in growth as they are during 
the rainy season, when the temperature is more suitable for their growth. 


The nature of the soil of different areas investigated shows some 
interesting points. Most of the areas are covered by sand, the colour 
of which ranges from brown to brownish black to black. The per- 
centage of water content is low which increases with the increase of 
depth. The organic content is also very low except for the Farm area. 
It decreases with the increase of depth. Carbonate content, chloride 
content and nitrate content are usually low in sandy soils. Nitrate is 
in appreciable quantities in the Farm area. The pH value ranges from 
7-0 to 8-5 indicating the alkaline nature of the soils. 


The detailed morphological study of the roots reveals that the roots 
are long and branched penetrating into the soil up to a depth of 7-0 to 
22:5cm. It is however noted that the root system of the open sandy 
areas are longer, in comparison to the roots found in other habitats. 
The roots of sandy areas are not very much branched and are usually 
bifurcated at the end while on the other hand the roots of stabilized and 
hard soils are profusely branched and shallow. A very interesting 
course of the root system was observed in the barchanoid dune locality 
where it is found to be extending even up to a length of two metres. In 
such a case the root system seems to be a ‘moisture seeker’ and tends 
to grow in the direction of the availability of the moisture. Thus the 
penetrability of the root system depends upon the texture and moisture 
content of the soil. 


The anatomy of the root reveals the presence of a lot of secondary 
tissue which helps in penetration to deeper depths and at the same time 
gives it mechanical strength. The epidermis of the stem shows thick 
cuticle which is responsible for checking the rate of transpiration to 
certain extent. The anatomy of the leaf shows one-layered palisade 
tissue with a number of chloroplasts. The compactly arranged cutin- 
ized epidermal cells contribute towards their effectiveness in protecting 
the leaf tissues from excessive loss of water by transpiration. At the 
same time the presence of cuticle prevents the breakage of the leaf 
during primary wilting condition and checks forcible exchange of gases 
caused by bending of blades by the wind. Gisekia is light green in 
colour and this fact, according to Daubenmire (1950), is thought to be 
of value in reflecting the light rays. The presence of smaller cells of 
the lower epidermis at the midrib region and the bigger cells on the 
upper epidermis indicate that the leaf might fold here, which is a xero- 
phytic character. The palisade tissue is longer than broad and spongy 
tissue is lacking which, according to Oosting (1950), is the result of inten- 
meh es This seems true in case of Gisekia, as the plant receives direct 
sunlight. 


__. The capsule and seed output per plant varies considerably in the 
different localities studied. The average number of seeds and capsules 
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per plant is found to be 940 and 188 respectively. The nu 

per capsule is found to be five which is a seceee Finbar eae 
localities. The number of capsules increases with the height and age of 
the plant. It is found that the plants growing in sandy areas have got 
larger number of capsules in comparison to the plants growing on haul 
and stabilized areas. Salisbury (1942) came to the reverse conclusion 
that plants growing in dry shallow soils and sand-dunes have less number 
of fruits and seeds than the plants growing in cultivated areas. 


___ The reproductive capacity of the plant is found to be 226, which 
is very low when compared to species like Digitalis purpurea (Salisbury 
1942), Lindenbergia polyantha (Misra and Siva Rao, 1948), Anisochilus 
eriocephalus (Bakshi, 1952), Mollugo cerviana and M. nudicaulis (Bakshi 
and Kapil, 1952 and 1954), yet it is higher when compared to Anagalis 
arvensis (Salisbury, 1942) and Mercurialis perennis (Mukerjee, 1936). 
The low percentage germination and low seed output are responsible 
for the low reproductive capacity of Gisekia. From the culture experi- 
ments it is concluded that the mortality of the seedling is very high and 
the plant is unable to survive even against the slightest unfavourable 
conditions. Thus it is concluded that the aggressive capacity of the 
species is very low. The buoyancy of the seed is quite high. 


In conclusion it may be said that Gisekia pharnaceoides shows 
typical xerophytic characters. According to the classification of 
Weaver and Clements (1938) it may be said to be both “drought 
evading” and “drought escaping’? due to adverse environment which 
the plant has to face. The plant seems to have adapted to these condi- 
tions well, with diffused and somewhat succulent branches, fleshy leaves, 
long penetrating roots and short life-cycle. 


SUMMARY 


1. The present investigation deals with the morphology and eco- 
logy of Gisekia pharnaceoides which grows abundantly in and around 
Pilani. 

2. The species is distributed in drier and warmer parts of Africa 
and Asia and is reported‘from various parts of India. The plant grows 
mostly in patches in open sandy areas and sand-dunes. It is-rare in 
other habitats. i , 


3. The plant sprouts after the first few showers of rain. It com- 
pletes its life-cycle within a short period of five to eight weeks. 
4. The plant is important due to its medicinal value. 


5. The seeds are small and light with average weight of 
0-0003200 gm. and average dimension of 0:192x0-101mm. The 
buoyancy of seed is high. The seeds require four to six months of 
resting period. . ; 

6. Culture experiments ‘show- that the plants grow. healthiest in 
sand and most stunted in black cotton soil. 
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7, The environmental factors operating upon the species have 
been described. The soil factors are analyzed. 


8. The anatomy of the species is worked out which reveals that 
the plant is well adapted for xerophytic conditions. 


9. The average capsule and seed output per plant is 188 and 940 
respectively. The capsule number per plant increases with the increase 
of height and age of the plant. The reproductive capacity as worked 
out comes to 226. The aggressive capacity is very low. 


10. The species shows xerophytic characters and is both “drought 
evading” and “draught escaping”. 
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VASCULAR ANATOMY OF THE FLOWER 
OF PUNICA GRANATUM L.* 


By S. C. SINHA AND B. C. Josui§ 
School of Plant Morphology, Meerut 


(Received for publication on August 12, 1958) 


Punica is a small genus with two species occurring from Socotra 
to Himalayas. Punica granatum is extensively cultivated for its fruits. 
This plant is interesting in more than one ways. Apart from having 
an inferior ovary, it is one of those very few plants which have more 
than one whorl] of carpels arranged one above the other. The structure 
of the gynceceum undergoes considerable modifications in the course 
of development and these ultimately affect the placentation. 


Tung (1935) has published an account of the flower of this plant. 
But as this work is not easily accessible to workers, and as it is not quite 
clear on certain important points regarding placentation, Prof. V. Puri 
suggested a reinvestigation of the floral anatomy of this plant to the 
junior author who worked it up for part of a M.Sc. Degree in 1956. 
After his leaving this department the work was entrusted to the senior 
author for completion. 


The flowering material was collected from some plants growing 
locally and in Almorah. It was fixed in F.A.A. and for infiltration, 
treated with xylol as well as tertiary butyl alcohol which gave better 
results. Many flower-buds were cut both transversely and longitudi- 
nally 10-12, thick from pedicel upwards. Some handsections were 
also tried and found to be very useful. Sections were stained with 
crystal violet and erythrosin as well as safranin and fast green. The 
former combination showed better results. However the stains were 


never bright. 
OBSERVATIONS 


External Morphology.—Punica granatum is a small tree or a large 
shrub, sometimes with branches ending in spines, The leaves are 
exstipulate, generally opposite or whorled, oblong, obtuse, entire and 
non-glandular. Flowers are bracteate, bracteolate, borne singly or in 
dichasial cymes at the end of short leafy shoots (Text-Fig. 2). Almost at 
the base of the pedicel there are two prominent bracteoles which carry 
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TeExT-Fic. 1. Semi-diagrammatic representation of the vascular ground plan of 
the longitudina) half of the flower with K (5), C (5), Acc, G(6 + 4). 


one flower each in their axils (Text-Fig. 2, ff,). Slightly higher up, each of 
the two young flowers starts cutting off laterally two bracteoles of the 
second order (Text-Fig. 2, br/,). These in turn have flowers of the third 
order and then the fourth order and so on (Text-Fig. 2, fls). Here the 
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bracteoles of a flower act as bracts for the flowers of the next higher 
order. The flowers are regular, hermaphrodite, epigynous, orange-red, 
2°5-5:0cm. in length. Usually there are six thick fleshy orange-red val- 
vate persistent sepals, the adjacent ones interlock themselves by the papil- 
late structures formed by the epidermal cells (Text-Figs. 16 and 17, ppl). 
And the same number of similarly coloured crumpled papery imbricate 
petals are inserted alternating with the sepals. The number of sepals 
and petals may vary from 4-7. Stamens are numerous and emerge 
in many whorls from within the upper half of the flower; the filaments 
are slender and terminate in dithecus and dorsifixed anthers. Some- 
times in the garden varieties most of the stamens are found to be 
expanded like petals and bearing pollen sacs. The floral cup is enlarged 
at the base into a prominent collar-like structure round the swollen part 
of the style (Text-Fig. 1, r and sw). Ovary is inferior and is composed 
of 4-15 carpels arranged in one, two or three whorls, one above the 
other. The uppermost whorl, which is also. the outermost, possesses 
the maximum number of carpels, which may be as many as seven. In 
this whorl the placentation is apparently parietal being situated on the 
periphery of the partitioned ovary (Text-Fig. 13). In fact, it is obliquely 
ascending from the inner angle of the locule. In the middle whorl there 
are usually 4-5 carpels having axile placentation (Text-Fig. 11), while 
the innermost whorl which is also the lowest, has one or a few carpels 
with axile placentation (Text-Fig. 9). The outermost whorl with appa- 
rently ‘parietal’ placentation is always there as the uppermost one, even 
though both or one of the inner two whorls with axile placentation 
may disappear. 


The ovary is surmounted by a style which is enlarged into a cone 
at the base and terminates in a stigma covered with papiliz (Text-Fig. 1, 
sw and sm). The number of stigmatic lobes is the same as the number 
of carpels in the uppermost whorl. The stylar canal is very interesting 
here. In the lower whorls the locules of the different carpels open more 
or less from the roof into the common stylar canal, but in the uppermost 
whorl the locules of the carpels are oblique, and open from the lower 
inner end into the common stylar canal which continues up to the 
stigma (Text-Fig. 1, s/ca). In the stylar canal just above the upper whorl 
of carpels there develop inside it, opposite the carpellary dorsal bundles, 
as many ridges as there are carpels in the uppermost. whorl. These 
correspond to the stigmatic lobes into which the stigma separates 
distally (Text-Fig. 15). The ovules on each placenta are numerous, 
multiseriate and anatropous. The fruit is a pome with a thick leathery 
coat, and the partitions of the ovary become thin and papery. 


Vascular anatomy of the flower.—In the lowermost region of the 
pedicel the stele is complete. It gives off three traces on either side for 
the two opposite bracteoles. These arise independently from the main 
stele leaving distinct gaps (Text-Figs. 3-5). After their divergence the 
stele again becomes more or less complete, but very soon it gets dissected, 
usually into 12 primary bicollateral bundles (Text-Figs. 5 and 6). As 
these bundles ascend higher in the receptacle, they occupy a more perl- 
pheral position and throughout the extent of the floral tube give off 
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Text-Fics. 2-17. Fig. 2. T.S. of inflorescence; Figs. 3-15. Serial transverse 
sections of the flower. Fig. 16. T.S. of flower in the distal. region. Fig. 17. 
Sepal edges showing papillate hairs. 


an-anastomosing frecurrent | bundles; bri-bracteole; ® cp,-carpel of outer 
whorl; cpg-carpel. of the middle whorl; cP3-carpel of the inner whorl; dcep—car- 
pellary dorsal bundle; fi-flower; is-inner ‘secondary bundle’; —/oc—locule; 
g-outer bundle; —ey-oyules; — as-outer ‘secondary " bundle’; pl-placenta ; 
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numerous minor branches into the cortical region, they branch and 
anastomose among themselves and form a network (Text-Figs. 7-8, 0) 
Slightly above the middle region of the ovary, they set off several 
branches which move inward and upward. These later have been 
named by Tung (1935) as ‘secondary bundles’ and we shall retain that 
expression for the sake of description. They are concerned in supply- 
ing stamen traces upward. Just near the base, these secondary 
bundles give off some recurrent bundles which move inward and down- 
ward and later anastomose in the base of the floral cup (Text-Figs. 1 
and 7-10, rb/, an). In one flower the recurrent bundles in the bottom 
were to form a slight bulge pointing upward. 


Calyx and corolla.—Sepals are supplied by the twelve primary 
bundles. They receive three traces each, the middle one is the direct 
continuation of the six alternate primary bundles, while the two lateral 
ones are branches from the alternating primary bundle which also give 
off the petal dorsal traces (Text-Figs. | and 16, spbl and ptbl). The 
petals therefore receive only one trace each which branches into three or 
more ramifications within the organ. 


Andreceum.—The ‘secondary bundles’ soon after their separation 
split periclinally and arrange themselves into two more or less distinct 
concentric rings (Text-Figs. 1 and 14-15, is, os). The bundles of the 
inner ring divide enormously and, after giving off some branches to the 
swollen base of the style, supply the inner stamens. The bundles of 
the outer ring also divide in the same manner and supply the outer 
stamens. Each stamen receives a single trace. The fact that the outer 
and the inner stamens receive their vascular supplies from so distinct 
sources clearly indicates that they have different origin. Very likely 
they are the products of chorosis of two distinct whorls. 


Gyneceum.—There is much variation in the number of carpels in 
different whorls as also in the number of whorls. To illustrate. the 
vasculature of a perfect gynceceum we have to take an ovary with three 
whorls of carpels, 7 in the uppermost whorl, 5 in the middle and 3 in 
the lowest. The recurrent bundles as they pass downward give off, all 
along their course to the base of the floral cup, numerous small traces 
on the inner side. Some of these enter the placente at different levels 
and supply the ovules while the rest supply the partitions of the ovary 
(Text-Figs. 1 and 8-11, cpb/). The placente of the uppermost whorl 
receive their supply usually from the recurrent bundles but occasionally 
some branches may be given off from the secondary branches which 
supply stamen traces upward (Text-Fig. 1). Thus there are no distinct 
ventral bundles in any of the whorls that may traverse the placente 
from one end to the other. 


Another significant point in the anatomy is that the carpels of the 
two lower whorls do not possess any bundles that may be. described 
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as dorsal bundles. It is only in the uppermost whorl that the carpels 
receive a dorsal bundle each. These dorsal bundles separate off from 
the secondary bundles of the inner ring and soon after their differentia- 
tion diverge inward and downward and traverse parallel to the roof of the 
carpels (Text-Fig. 1). As they pass down they give off some branches 
to the swollen base of the style. Then suddenly they take a sharp turn 
and move vertically up until they reach the stigma. Thus for the entire 
gynceceum these are the only bundles which are clearly distinguishable, 
others being represented just by minor ramifications. 


In those cases where there are fewer whorls. e.g., one or two, the 
vascular ground plan is exactly the same. For instance, if there are 
only two whorls, the upper one will have well defined dorsal bundles 
that will continue into the style. The same holds good if there is only 
one whorl of carpels. 


DISCUSSION 


Inflorescence——Most of the authors like Lawrence (1951), 
Hutchinson (1926), Rendle (1938) and Baillon (1880) have described 
the inflorescence in P. granatum as terminal solitary or cymose. But 
Tung (1935) writes: “Flowers are borne on the tips of short branches. 
One branch usually bears a cluster of five flowers, one terminal and 
four laterals. The laterals are arranged in two opposite whorls.” 
Apparently Tung (1935) could not possibly see the relationship of the 
terminal and lateral flowers. From the present observations it is quite 
clear that the inflorescence is typically cymose, which usually develops 
into a true dichasium (Text-Fig. 2). The dichasial nature, however, is 
more or less obscured by small number of flowers, short pedicel and 
late development of the lateral flowers. In some cases they may be 
completely suppressed resulting in a solitary terminal condition. 


Inferior ovary.—In P. granatum the ovary is truly inferior, and 
the floral cup continues even beyond the last limit of the ovary. The 
primary bundles that continue in the floral cup up to the base of the 
last whorl of carpels are definitely stelar bundles. After giving off 
traces for calyx, corolla and andraeceum they bend inward and down- 
ward. These recurrent bundles are truly stelar bundles, for it is not 
possible to imagine a down-turning in the course of vascular traces 
meant for floral organs (see Puri, 19524, for the mechanism of 
recurvation). 


Besides, such recurrent bundles have also been reported i 
families, e.g., Rosaceze (Bonne, 1925, 1928; Yaa PRs pet igee 
1934; MacDaniels, 1940; Van Tieghem, 1878), Santalacee (Smith and 
Smith, 1942), Cactacee (Sharma, 1949; Buxbaum, 1953; Tiagi 1955) 
Calycanthacee (Smith, 1928) and Juglandacee (Shuhart, 1932 ‘ Leroy, 
1955). And in all these cases they have been interpreted as stelar 
bundles. If this is so then the tissue in which they, or at Jeast their 
parent bundles on the outside. traverse, has to. be interpreted as recep- 
tacular or axial. Hence the outer part of the ovary wall or the floral 
cup in Punica granatum is receptacular in nature at least up to the level] 
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of bending of the stelar bundles to form recurrent bundles. Such an 
inference is in conformity with the interpretation arrived at in all the 
cases cited above and also with the view of Puri (1952 b) who has dis- 
cussed in some detail the role of vascular bundles vis a vis nature of the 
“wall” of the inferior ovary. 


A natural corollary of this interpretation of the ovary wall will be 
that the fruit of P. granatum will have to be interpreted as a pome in 
which the leathery wall is contributed mostly by the receptacle and not 
by the ovary wall. Although this point was brought out very clearly 
by Tung (1935), the fruit is still erroneously described as a berry. 


Attention may be drawn here to one morphological difficulty. 
Ordinarily vascular branches from different parts of a carpel are derived 
from carpellary bundles and not directly from stelar bundles. In 
Punica granatum, however, they appear to be arising from the recurrent 
bundles which have been interpreted as stelar bundles. Such an ano- 
malous situation has also been observed by Tiagi (1958) in certain genera 
of the Cactacee. But as a result of a very exhaustive study of the 
family he has been able to find avery logical explanation of this diffi- 
culty. In Pereskia aculeata, considered by him as a most primitive 
species, the recurrent bundles in their extreme base give off a third ring 
of vascular bundles which traverse upward in the inner region of the 
ovary wall and are normally oriented. These are interpreted by him 
as carpellary bundles (other than the dorsals). In other species these 
bundles have, according to him, become adnate with the recurrent 
bundles for shorter (Pereskia bleo, etc.) or longer (Opuntia, Mammi- 
laria, etc.) distances. Consequently in these cases, there are visible 
only two concentric rings of vascular bundles instead of the usual three, 
and the carpellary supply appears to be arising directly from the recur- 
rent bundles. 


A similar condition appears to have been obtained in P. granatum. 
Here the innermost ring of carpellary bundles appears to have become 
completely incorporated in the middle ring of recurrent bundles, which 
for this reason have to be interpreted as compound bundles. 


Placentation.—The placentation in P. granatum is indeed interesting 
and it is mainly from this point of view that the present study was under- 
taken. Usually there are two or three whorls of carpels. The placente 
in the uppermost whorl are in the outer angles of the locules while in 
the lower whorls, in the inner angles. As regards the lower whorls 
all the workers are in complete agreement in regarding the placentation 
as axile and there is little doubt that it is so. 


The placentation of the uppermost whorl, however, has been 
Bei ogei « described: Many authors (Baillon, 1880; Pool, 1941; 
Hutchinson, 1926; Lemaout and Decaisne, 1876) have described the 
condition here as parietal. This view has been analysed critically by 
Puri (1952 a) who considers that in arriving at such ai inference “the 
peripheral position of the ovules seem to have been considered quite 
arbitrarily as all important, and the condition has been described as 
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parietal in utter disregard of the multilocular condition”. He goes 
on to assert that “such a condition should be regarded as axile, the 
ovules being borne on the fused margins of the same carpel, their peri- 
pheral position, being simply derived”. 


Warming and Potter (1932) have not described the type of placenta- 
tion that occurs in the uppermost whorl of carpels, but they have cer- 
tainly explained correctly the mechanism by which such a condition 
has been brought about. They write “the external whorl is 5 merous, 
and the placente have originally the same position in the inner angles 
of the loculi, but their position is changed to the outer side of the loculi 
owing to the growth of the wall of the ovary, which takes place early, 
causing the carpels to become, as it were, turned inside out, so that the 
part which was turned downwards is turned upwards, and the part 
which was turned inwards become turned outwards”. This is a very 
vivid and clear description of the growth that involves the uppermost 
whorl of carpels and this is illustrated in our Text-Figs. 18-24. 


Tung (1935) also is right when he describes that the carpels assume 
a horizontal position, and that a cross-section at the level of the outer 
whorl reveals a longitudinal view of the placente. But later on when 
he asserts that the real seat of the placenta (placental keel) is the inner 
sterile edge of the horizontal placenta and that the rest of the placenta 
is its enlargement, which attaches itself to the periphery, he is some- 
what confused. Finally he concludes ‘In spite of the modifications of 
the shape of the placenta as a result of peripheral growth, the position 
of the keel suffers no change. The angle it makes with longitudinal 
axis of the flower remains practically constant. It will be seen that 
this angle remains one of about 50°. In other words the mode of 
placentation is not affected by later modifications.’’ Evidently he en- 
visaged the placenta as undergoing some peripheral growth which 
attaches itself secondarily to the outerside of the locule. Besides, his 
assertion that the ‘keel’ is the real seat of placenta is also not supported 
by anatomy, for there is no single vasuclar bundle that traverses from 
the ‘keel’ to the rest of the placenta, rather it receives its supply in the 
form of small traces directly from the bundles in the ovary wall. He 
does not give any diagrams to support his interpretation. 


Joshi (1956) following Puri (1952) describes the placentation to 
be axile, but derives the peripheral position of the placente by their 
shifting from the centre to the periphery. He traces the development 
of the placenta through several stages and gives some schematic dia- 
grams to illustrate his point. Obviously he also envisages, perhaps 
under the influence of Tung (1935), some sort of sliding growth inoly- 
ing the placenta only. If he were to study the orientation of the entire 
carpels of this uppermost whorl he would not have reached such a 
conclusion. 


The present study reveals that the orientation of the placente is 
very intimately connected with the orientation of the carpels. There 
is absolutely no question of the sliding over of the placente to the dorsal 
suture, What has happened in course of development is that the ventral 
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TEXT-Fics. 18-24. Figs. 18-22. Schematic representation of the changes in the 
orientation of the carpels. The upper arrows show the direction of the carpels of the 
uppermost whorl. Figs. 23-24. Young and old conditions in P. granatum corres- 
ponding to Figs. 21 and 22 respectively. Note the uppermost carpels becoming 
inside-out and upside-down. 


sides of the uppermost carpels have grown outward and upward in such 
a way that the inner side of the locule has come to lie on the outside 
and its base has come to lie higher up than its real morphological apex 
(cf. Warming and Potter, 1932). The dorsal sides of these carpels have 
also undergone concomitant changes. These are indicated by the 
course of the dorsal bundles. Text-Fig. 23 shows it to be horizontal 
indicating thereby that the dorsal sutures of the carpels are upward, and 
yentral downward and that the locules of the carpels are transyersely 
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oriented (Text-Fig. 23). With further growth the dorsal bundles bend 
downward and then rise up again to enter the style (Text-Fig. 24). 
This evidently results in the base of the locules being taken higher up. 
Support for such an inference is also obtained from the fact that the 
stylar canal which normally opens in the uppermost part of the locule 
opens here at the apparent base which in reality is the top of the locules. 


This shifting in the position of the carpels has obviously affected 
the placenta as well which have thus become inside-out and upside- 
down. Such an interpretation is in consonance with the so-called classi- 
cal understanding of the carpel according to which the placente are 
the swollen margins of the carpels. It will, therefore, be difficult to 
imagine the placente sliding out independently of the carpellary margins 
as was suggested by Joshi (1956) and also perhaps by Tung (1935). 


SUMMARY 


The paper deals with vascular anatomy of the flower of Punica 
granatum and its bearing on the morphology of the flower is discussed 
in some detail. As usual the sepals, petals and stamens are respec- 
tively 3-, 1-, and 1-trace organs. The stamens however receive their 
supply from two more or less distinct rings and this is interpreted to 
mean that they are the result of chorosis of two distinct whorls of 
stamens. 


The gynceceum consists of 4-15 carpels which may occur in one, 
two or three whorls, one above and outside the other. Surprisingly 
enough the carpels do not have any well-defined ventral bundles. They 
are supplied by small branches arising copiously from the recurrent 
bundles which pass down in the “‘ovary wall’. The dorsal bundles 
are supplied only to the uppermost whorl of carpels and these arise 
conjoint with the stamen traces. 


The placentation is axile in all the three whorls but in the upper- 
most whorl the placente always occur on the peripheral side of the 
locule. This is explained as having been caused by peculiar growth 
of the carpels which have become inside-out and upside-down. The 
outer region of the ovary wall is interpreted as receptacular in nature. 
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CONTRIBUTIONS TO THE EMBRYOLOGY 
OF PALM 


II. Ceroxylinee 


By C. VENKATA RAO 


Department ef Botany, Andhra University, Waltair 
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IN this article the embryology of the following members belonging to 
two tribes of the Ceroxylinee is described: 


ARECINEZ .. Caryota urens L., C. mitis Lour., Chrysalidocarpus 
lutescens H. Wendel (= Areca lutescens), Howea 
belmoreana Becc. (= Kentia belmoreana Moore), 
Actinophleus (= Drymophleus) macarthurii Becc., 
Areca catechu L., A. triandra Roxb. and A. concinna 
Thew. 


CocoINF£ .. Cocos plumosa Hook., C. schizophylla Mart., and 
Bactris major Jacq. 


MATERIALS AND METHODS 


The materials of Areca catechu, A. concinna and Actinophleus 
macarthurii were collected locally and that of Caryota urens from the 
Agricultural Farm, Anakapalle and the gardens at Bobbili. The 
material of Cocos plumosa was obtained from Mr. Chacko’s gardens, 
Kakinada, and the rest from the Indian Botanic Gardens, Calcutta. 
In all cases formalin-acetic-alcoho] was used as the fixative. The 
perianth was removed from female flowers and the outer fibrous zone 
was also pared off with a blade before fixation to facilitate infiltration 
and microtoming. The preparations were stained in  Delafield’s 
hematoxylin or a combination of safranin and fast green. 


INFLORESCENCE AND FLOWER 


All species studied are cultivated garden plants, Actinophleus 
and Chrysalidocarpus are shrubby due to branching of stems at base. 
The rest are trees. The leaves are pinnate with prominent basal 
sheaths. The inflorescences develop in the axils of the oldest leaves 
and become exposed when the latter drop off. They are branched 
and compact and protected by a few basal spathes; in addition, the 
flowers are individually provided with bracts and sometimes bracteoles. 
In Caryota, Chrysalidocarpus, Actinoph'eus and Howea the flowers 
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arise in groups of three at each node, of which the central one is female 
and the lateral male. First one male flower opens and then the other 
and the female flower opens much later (Text-Fig. 10). In Caryota, 
actually the female flowers open after all the male flowers have been 
Shed so that the inflorescence is functionally dicecious though struc- 
turally monecious. The method of opening of flowers in each triad 
Shows that it is a reduced spike. This type of inflorescence is probably 
derived by reduction and condensation from the lax panicle commonly 
noticed in the Sabaleez. A similar situation is met with in the Prote- 
acee (C. V. Rao, 1957). In Areca and Cocos each spike bears a few 
female flowers at base and male flowers on the remaining part. In 
A. triandra the female flower is sometimes flanked on either side by 
a rudimentary male. The uniflowered condition in these genera, there- 
fore, seems to be derived from the arrangement in the other genera by 
further reduction. The basal] position of the female flowers is advanta- 
geous on nutritional grounds. 


That the flowers are unisexual by reduction is evident from the 
presence of abortive organs of the other sex in both kinds of flowers 
(Text-Figs. 1, 2, 7, 9, 12, 13 and 16). In all members except Caryota 
the male flowers show a pistillode (Text-Fig. 20). In Actinophieus 
the pistillode is differentiated into an ‘ovary’ and ‘style’ (Text-Fig. 8) 
while in others it is more or less columnar. In all cases the ovules and 
loculi are suppressed but there is a 3-armed stylar canal lined by richly 
protoplasmic cells (Text-Fig. 5). Similarly staminodes are noticed in 
all female flowers which show varying degrees of reduction. In Areca 
sp. they resemble normal stamens in all respects except for size, and 
pollen grains develop to the 2-celled stage though their viability could 
not be ascertained (Text-Figs. 2, 6 and 39). In Caryota they are differ- 
entiated into a filament and anther portions though the loculi are not 
differentiated (Text-Figs. 16 and 17). In Cocos and. Chrysalidocarpus 
they are strap-shaped (Text-Figs. 13 and 14). 


In addition to ensuring cross-pollination, reduction of one sex of 
the flower is conducive to better nutrition of the other. The distri- 
bution of the female flowers in space and time in Areca catechu seems 
to be based on this principle. In the first flush an inflorescence bears 
a hundred or more female flowers. Towards the end of the flowering 
period when the reserve food materials which the palms are known to 
accumulate in abundance becomes exhausted, the number of female 
flowers in an inflorescence becomes progressively reduced till in the 
last produced ones only a dozen or less female flowers are found. It is 
also seen that in the region of transition between the female and male 
parts of the spike in which the food material becomes attenuated, bi- 
sexual flowers or sterile females are produced which are larger than nor- 
mal males and smaller than fertile females (Text-Fig. 4). . 


It is interesting to notice that evolution in the inflorescence has not 
progressed synchronously with evolution in_ flower. In Areca, the 
arrangement of the male and female flowers in the inflorescence is of 
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TEXT-Fics. 1-20. Figs. 1-3. Areca catechu. Fig. 1. A male flower opened, 
x 8. Fig. 2. L.S. base of female flower-bud, x 20. Fig. 3. L.S. stigma, x 190, 
Figs. 4-7. A. triandra. Fig. 4. L.S. sterile female flower, x 6. Fig. 5. T-.S, 
part of the above, x 10. Fig. 6. L.S. staminode, x 50. Fig. 7. T.S. female 
flower, x8. Fig. 8. Pistillode and stamen of Actinophleus macarthurii, x 6. 
Fig. 9. T.S. male flower of Howea belmoreana, x 10. Figs. 10-14. Chrysalido- 
carpus lutescens. Fig. 10. A triad of flowers, x 3. Fig. 11. A female flower, 
x 3. Fig. 12. L.S. male flower, x 25. Fig. 13. L.S. female flower-bud, x25. 
Pig. 14. A staminode, x50. Figs. 15-20. Caryota mitis. Fig. 15. L.S. female 
flower-bud, x 10. Fig. 16. T.S. the same, x 10. Fig. 17. T.S. staminode, x 110. 


Fig..18. T.S. stigma, x 20. Fig. 19. Stigmatic hairs, x 190. Fig. 20. L.S. male 
flower, x 10. 


the most advanced type but the female flowers are the least reduced 
among the Ceroxylinee studied. 


The perianth in the male flowers is heterochlamydeous (Text- 
Fig. 1) while that in the female is homochlamydeous and persistent 
(Text-Figs. 7, 9 and 11). In Caryota, Actinophleus and Howea there 
are numerous stamens, in others there are 6 except in A. triandra‘ ip 
which there are only 3. The gynecium in Bactris and Cocos shoWs 
3 uniovulate carpels; in others there are 2 or | due to reduction (Text- 
Fig. 15). The ovary terminates in 2 or 3 stigmas which bear unicellular 
or multicellular glandular hairs (Text-Figs. 3, 18, 19 and 114). . “The 
floral parts show abundance of raphides. es. 


ORGANOGENY 


Development of the floral parts has been followed in Actinophlaus 
macerthurii, Caryota urens and Areca catechu. In Caryota, after the 
normal length of the spike is produced, the apex of the inflorescence 
becomes abortive; the acropetal arrangement of the flowers can be seen 
in this region clearly (Text-Fig. 21). At each node the primordia of 
three flowers are produced, of which the central (female) is slower in 
development (Text-Fig. 22). The floral organs arise in acropetal suc- 
cession (Text-Figs. 23-32), as was also noticed in the Sabalee (C. V. 
Rao, 1959). - - 
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TextT-Fics. 21-32. Organogeny of flower. Figs. 21-26. Organogery of male 
flower of Carycta urens. Figs. 21-24, x 20. Figs. 25 and 26, X 6. Figs. 27-31. 
Actinophleus macarthurii. * 20. Fig. 32. L.S. flower primordium of Areca catechu, 
x 30. 


MICROSPOROGENESIS AND MALE GAMETOPHYTE 


The archesporium of the anther consists of 1-2 rows of hypodermal 
cells in each lobe (Text-Figs. 47 and 48). The primary parietal cells cut 
off by it give rise to 3-4 wall layers below the epidermis, of which the sub- 
epidermal Jayer develops into the endothecium and the innermost func- 
tions as the tapetum. The epidermis becomes strongly cutinised and 
the endothecium shows prominent fibrous thickenings (Text-Fig. 51). 
In Caryota the cells next to the connective develop into vertically 
elongated tannin-filled sclereids with pitted walls (Text-Fig. 44). The 
tapetum is of the secretory type. In Carjota the tapetal cells are at 
first radially elongated and show starch grains (Text-Figs. 42 and 43). 
In Chrysalidocarpus some dark staining bodies, probably of proteinaceous 
nature, are seen in the tapetal cells (Text-Fig. 50). Usually the tapetal 
cells are binucleate; in Cocos plumosa some multinucleate cells are also 
seen (Text-Fig. 57). A stomium of thick-walled cells is seen to the 
outside of the septum (Text-Fig. 55); the septum becomes absorbed 
and the two anther loculi coalesce (Text-Figs. 44 and 56). 


In Areca catechu the primary sporogenous cells function directly 
as microspore mother cells (Text-Figs. 33 and 34) while in others there 
is a secondary increase in the sporogenous tissue (Text-Fig. 49). Cyto- 
kinesis is by simultaneous cell plate formation (Text-Fig. 53). Micro- 
spore tetrads are usually tetrahedral (Text-Fig. 35) though decussate 
and bilateral tetrads are occasionally met with (Text-Figs. 36 and 52). 
In A. triandra frequently one or more microsporés of a tetrad degenerate 
early (Text-Fig. 40). Mature pollen grains are 2-celled, ellipsoidal or 
nearly spherical and monocolpate. In Areca and Caryota the exine 
Shows reticulate thickening (Text-Figs. 41 and 45). The vegetative 
cytoplasm is packed with starch and the generative cell is crescent- 
shaped (Text-Figs. 37, 38 and 54). Sometimes pollen grains, which 
germinated in situ and produced short blunt pollen tubes, were met with 
(Text-Fig. 46). The staminodes of Areca show normally formed wall 
and tapetum and two-celled pollen grains (Text-Fig. 39 and Pl. I, Fig.1). 


OVARY AND OVULE 


The ovary in the various members studied shows interesting stages 
towards reduction of the functionless loculi. In Bactris and Cocos sp. 
there are 3 uniovulate carpels whose loculi extend towards the top of 
the pistil as a 3-radiate canal (Text-Figs. 199, 201 and 203). Here they 
are joined by the 3 arms of the stylar canal which extend laterally and 
serve to split the top of the ovary into 3 stigmas. In Caryota urens 
there are 2 functional loculi whose extensions join a 2-radiate stylar 
canal. In Chrysalidocarpus there is a single functional loculus. At 
about the level of the top of this, the 2 vestigial loculi appear and the 
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Text-Fics. 33-57. Microsporogenesis and male gametophyte. Figs. 33-39. 
Areca catechu. Figs. 33 and 34. T.S. and L.S. anther loculus, x235. Figs. 35-38. 
Developing pollen grains; Figs. 35 ard 36, x 475. Figs. 37 and 38, x 715. 
Fig. 39. T.S. anther lobe of staminode, x110. Figs. 40 and 41. A. triandra. 
Fig. 40. A microspore tetrad with degenerating spores, x285. Fig. 41. Surface 
view of pollen grain, x475. Figs. 42-46. Caryota urens. Fig.42. T.S. anther 
loculus, X190. Fig. 43. Tapetal cells, 475. Fig. 44. Dehisced anther Jobe, 
x110. Fig. 45. Surface view of pollen grain, x475. Fig. 46. Sectional view of 
a pollen grain which germinated in situ, x 715. Fig. 47. T.S. anther primordium 
of Howea belmoreana, X125. Figs. 48 and 49. Actinophleus macarthurii. Fig. 48. 
L.S. anther primordium, x 285. Fig. 49. T.S. anther loculus, x285. Figs. 50-54. 
Chrysalidocarpus lutescens. Fig. 50. Tapetal cells, x475. Fig. 51. Wall of 
mature anther, 475. Figs. $2. and 53. Bilateral and tetrahedral tetrads of 
microspores, 590. Fig. 54. A mature pollen grain, 475. Figs. 55-57. 
Cocos plumosa. Figs. 55 and 56. T.S. undehisced and dehisced anther lobes, 
x110. Fig. 57. Tapetal cells, x475. 


extensions of the 3 loculi join the 3-armed stylar canal. In Howea 
and Actinophleus the two vestigial loculi are suppressed but their exten- 
sions still persist while in Areca the two functionless loculi as well as 
their extensions are completely suppressed; the triradiate stylar canal 
is joined only by the extension of the functional loculus. In Caryota 
mitis the ovary shows only a single loculus and there is no sign of the 
stylar canal. 


_The stylar canal as well as the locular extensions are lined by 
radially elongated glandular cells which in Actinophleus show starch 
grains (Fig. 115); these cells function as the transmitting tissue. The 
loculi are also lined by papillate glandular cells (Text-Figs. 69, 145, 154 
205 and 210). ae 


__In Caryota the ovule is basal and erect throughout the course of 
its development (Text-Figs. 64, 65, 68 and 69). In Chrvsalidocarpus, the 
ovule primordium is basal and transverse in position (Text-Fig. 74). 
Due to the asymmetrical growth of the ovary, the young ovule becomes 
pendulous (Text-Figs. 75 and 76), though the mature one again becomes 
transverse and shows Jateral attachment (Text-Fig. 77). The funicle 
of the ovule is massive and cylindrical and is not marked off by any 
constriction from the body. In Areca the ovule primordium is basal 
in origin and strongly curved (Text-Figs. 137-139). By the time the 
megaspore mother cell is full grown, it becomes horizontal and stretches 
transversely in the loculus in which position it remains throughout its 
development (PI. I, Figs. 2-4 and 6-9; Text-Figs. 140-145, 171 and 
172). At first the funicle is as thick as the body of the ovule. Since 
the ovule grows vertically in the chalazal region, the body of the mature 
ovule becomes perpendicular to the funicle (Text-Figs. 145, 177 and 191) 

In Actinophleus and Howea the ovule primordium arises laterally 
towards the top of the loculus and remains pendulous throughout its 
development (Text-Figs. 99-101, 107 and 119-122). Mature ovules of 
these genera are corrugated in outline (Text-Figs. 109 and 124). In 
Bactris the ovules do not show any funicle; they arise directly from the 
central placenta (Text-Figs. 200 and 202), In Cocos they arise from 
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Text-Fics. 58-73. Figs. 58-67. Carycta mitis. Figs. 58, 60 and 63. Vertical 
sections of ovules with megaspore mother cell, tetrad and embryo-sac respectively, 
x 90. Fig. 59. Part of the ovule with megaspore mother cell, x190. Figs. 61 
and 62. Nucellus with megaspore tetrads, 285. Fig. 64. L.S. mature pistil, x15. 
Fig. 65. L.S. mature ovule, x90. Fig. 66. L.S. of abnormal hemianatropous 
ovule, x50.. Fig. 67. Micropylar part of mature embryo-sac, X285. _ Figs. 68-73. 
C. urens. Figs. 68 and 69. L.S. mature ovules, x50. Figs. 70 and 71. T.S. and 
L.S. of developing seeds showing ruminations; Fig. 70, x20; Fig. 71, x4. 
Fig. 72. L.S. rumination, 135. Fig. 73. A sterile ovule, X20. 


The ovules are bitegmic and crassinucellate in all species. They 
are orthotropous and pendulous in Howea and Actinophleus, ortho- 
tropous and transverse in Bactris, hemianatropous and transverse in 
Chrysalidocarpus and Areca and anatropous and erect in Caryota. 


Three vascular bundles enter the funicles of ovules in Caryota, 
Howea and Actinophleus and branch in the chalaza and outer integu- 
ment (Text-Figs. 58, 60, 108 and 123). In Chrysalidocarpus and Areca 
a few bundles enter the funicles of young ovules but these increase in 
number and branch profusely as the ovules grow (Text-Figs. 79-83, 
146-151, 179, 180 and 192). In Areca sp. the funicle of young ovules 
is lined by radially elongated glandular cells (Text-Figs. 141, 152, 172 
and 189). These divide and give rise to extensive tissue which functions 
as obturator (Text-Figs. 153, 154, 175, 177 and 178). Glandular cells 
are seen at the base of the ovule in Chrysalidocarpus, Howea and Actino- 
phieus (Text-Figs. 84 and 113); several of these become sclerified after 
fertilization (Text-Figs. 122 and 132). In Areca triandra a crest-like 
outgrowth lined by radially elongated glandular cells is seen on the 
dorsal side of the funicle (Text-Figs. 174 and 176). Since this stands 
close to or in contact with the wall of the loculus, it seems to bridge 
the gap between the ovule and the loculus and facilitate the passage of 
pollen tubes towards the micropyles. 


The initials for both the integuments become demarcated simul- 
taneously (Text-Figs. 125 and 146). The outer integument is as a rule 
more massive than the inner. The cells of the outer integument and 
chalaza accumulate tannin from early stages. Due to the growth of 
the ovule mainly in the chalazal region, the integuments are separate 
from each other only for a small distance around the micropyle. In 
Cocos sp. the inner epidermis of the inner integument develops into a 
tapetum of radially elongated glandular cells (Text-Figs. 208 and 210). 
In others an integumentary tapetum is not organised. However, in 
an abnormal ovule of Areca concinna the inner epidermis of the inner 
integument shows features of endothelium (Text-Figs. 189 and 194), 
Ruminations develop from the chalaza and outer integument in Caryota, 
Areca and Howea (Text-Figs. 70-72, 122 and 177). The whole of the 
inner integument becomes crushed out early in the course of seed deve- 
lopment (Text-Figs. 244, 266-268) and the outer integument and chalaza 
form the seedcoat. 


The micropyle is formed by both integuments and is zigzag in 
Cocos sp. (Text-Figs. 208 and 210), and straight in other members, It 
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: TEXT-Fics. 74-91. Chrysalidocarpus lutescens. Figs. 74, 76 and 77. Stages 
in the development of ovary; Fig. 74, x50; Fig. 76, x20; Fig. 77, x 6. Fig. 75: 
Position of ovule with megasrore mother cell, x50. Fig. 78. Ovule primordium 
with archesporium, x235. Figs. 79-83. Vertical sections of ovules at different 
stages of development; Figs. 79and80, x 135; Fig. 81, x90; Figs. 82 and 83, 
x50. Fig. 84. T.S. top of the funicle and adjacent tissue of the stylar canal, 
x90. Fig. 85. Part of ovule with megaspore mother cell, x285. Figs. 86 and 
87. Formation of megaspore tetrad, x 475. Fig. 88. Nucellus with megaspore 
tetrad, 380. Figs. 89 and 90. 1- and 2-nucleate embryo-sacs, X285. Fig. 91. 
Vertical section through ovule with young embryo-sac, x 135. 


TEXT-Fics. 92-105. Figs. 92-98. Chrysalidocarpus lutescens. Fig. 92. 
Young embryo-sac, x285. Fig. 93. Development of postament and embryo-sac 
haustorium, 135. Figs. 94 and 95. Further stages in development of postament; 
Fig. 94, x50; Fig. 95, x20. Fig. 96. Micropylar part of mature ovule, x 180. 
Figs. 97 and 98. Postament with antipodals, x285. Figs. 99-105. Actinophieus 
macarthurii. Figs. 99-101. Ovular positions at various stages of development; 
Fig. 99, x20; Fig. 100, x65: Fig. 101, x35. Fig.102. Part of ovule with mega- 
spore mother cell, x190. Fig. 103. Part of ovule with 2-nucleate embryo-sac, 
X285. Figs. 104 and 105. One- and 4-nucleate embryo-sacs, x 335. 


faces the wall of the loculus opposite to the placenta in Bactris (Text- 
Fig. 199) and the base of the loculus in other species. The exostome 
of the young ovules is wide and becomes progressively narrowed by 
periclinal divisions of the surrounding cells due to which they lie in 
regular series (Text-Figs. 110, 173, 183, 187-191 and 197). In Areca 
catechu and A. triandra the exostome is short but in A. concinna, Cocos 
sp., Actinophleus, Caryota and Howea it is much elongated. In Areca 
catechu the opening of the exostome is slightly elevated (Text-Figs. 143 
and 145), 


The terminal part of the young ovule which develops into the 
nucellus is relatively very small when compared to the funicular part 
(Text-Figs. 79, 138, 139 and 171). The nucellus in the ovule primor- 
dium is scanty and confined to a uniseriate layer around the archespo- 
rium. Gradually it becomes 2-3-layered by the time the megaspore 
mother cell is full grown. Nearly all the nucellus except the postament 
becomes crushed in the mature ovule and only a uniseriate strip of ceils 
may remain just below the micropyle (Text-Figs. 63, 67, 96, 110, 129, 
183 and 196). 


In Bactris the embryo-sac expands uniformly all over; it is ovoid 
with broad micropylar and antipodal ends. A postament 1s not formed 
in this species. In others an embryo-sac haustorium and postament 
formation are noticed. The young 8-nucleate embryo-sac is small 
in size and is either uniformly. cylindrical as in Chrysalidocarpus (Text- 
Figs. 91 and 92) or has a broad micropylar and narrow antipodal ends 
as in Cocos, Caryota and Areca (Text-Figs. 106, 128, 142, 162-164 and 
166). The cells around the antipodal end of the sac become thick- 
walled and prevent its further expansion while the micropylar part 
expands considerably. In Caryota, Areca and Cocos the sac enlarges 
symmetrically. In Chrysalidocarpus, Howea and Actinophieus, how- 
ever, it expands asymmetrically and agressively forming an embryo-sac 
haustorium (Text-Figs. 93-95, 107, 108 and 129). The nucellar ceils 
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Text-Fics. 106-118. Actinophleus macarthurii. Fig. 106. Nucellus with 
young embryo-sac, x 190. Fig. 107. L.S. ovule with embryo-sac haustorium, x50. 
Fig. 108. L.S. mature ovule, x40. Fig. 109. T.S. mature ovule through posta- 
ment, X40. Fig. 110. Micropylar part of mature ovule, x190. Figs. 111 and 
112. Postament with antipodals, 190. Fig. 113. T.S. through upper part of 
funicle, 235. Fig. 114. Stigmatic hairs, x115. Fig. 115. Cells from  stylar 
canal, X190. Fig. 116. L.S. micropylar part of mature ovule showing entry of 
pollen tube, x335. Figs. 117 and 118. L.S. developing seeds; Fig. 117. x15; 
Fig. 118, x6. 


TextT-Fics. 119-136. Howea belmoreana. Figs. 119-123. Ovules (and ovary) at 
various stages of development: Fig. 119, x75: Figs. 120 and 121, x50; Fig. 122, x6; 
Fig. 123, x20. Fig. 124. T.S. mature ovule through postament, x25. Fig. 125. 
L.S. ovule primordium with archesporium, «190. Figs. 126 and 127. Nucellus 
with megaspore mother cell and tetrad respectively, x285. Fig. 128. Nucellus 
with embryo-sac at the beginning of postament formation, x285. Fig. 129. Vertical 
section of the ovule showing embrvo-sac haustorium, *225. Fig. 130. L.S. micro- 
pylar part of mature ovule, «190. Fig. 131. Antipodals from embryo-sac with 4- 
celled embryo, x190. Fig. 132. T.S. through upper part of funicle of developing 
seed, x40. Fig. 133. L.S. mature seed, x4. Figs. 134-13€. Early stages in 
embryo development, xX 285. 


around the postament disintegrate (Text-Figs. 143 and 167) and the posta- 
ment persists, projecting into the sac either opposite to the micropyle 
or on one side (Text-Figs. 108, 123, 129, 145, 175 and 176). It persists 
till the 3--4-celled stage of the embryo. In Howea and Areca it becomes 
dislodged when the ruminations develop and disintegrates gradually 
(PII, Figs. 10, 11; Text-Figs. 184 and 185). In Areca catechu the 
cells of the upper part of the postament are more richly protoplasmic 
than those of the lower (PI. I, Fig. 5; Teat-Fig. 168). 


ABNORMAL OVULES 


__ In Caryota mitis occasionally hemianatropous ovules which are 
either fertile or sterile were noticed (Text-Fig. 66). Sometimes two 
loculi developed. Several kinds of abnormalities were noticed in 
Areca sp. In A. catechu orthotropous ovules or those in which the 
micropyle pointed against the side of the loculus recalling the ovular 
position in Livistona rotundifolia (C. V. Rao, 1959) were noticed (Text- 
Figs. 211-214). In some of these the nucellus is not completely covered 
(Text-Fig. 215). In A. catechu as well as A. triandra sometimes two 
ovules were seen in an ovary. Of these one is normally oriented while 
the other was abnormal and sterile or vestigial (Text-Figs. 216-218) 
In A. triandra the second ovule was seen in the place of the crest. The 
two ovules in all cases were partly fused suggesting the condition noticed 
in Cocos sp. In Areca triandra an ovule was seen which was tilted into 
a pendulous position resembling that of the ovule of Howea or Actino- 
phleus (Text-Fig. 220). Abnormal ovules were also noticed in which 
the inner or outer integument was developed excessively (Text-Figs 
219 and 221). In an ovule of A. concinna the embryo-sac remained 
small and showed proportionately large antipodals (Text-Figs. 190 and 


195). Sterile ] : : : : 
73 a mak ovules are noticed occasionally in all species (Text-Figs. 
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TEXT-Fics. 137-154. Areca catechu. Fig. 137. L.S. base of the female flower- 
bud, x25. Figs. 138-145. Stages in development of ovule; Figs. 138 and 139, 
STS 2 Figs. 140-142, x35; Figs. 143 and 145, x25; Fig. 144, x5. Figs. 146— 
151. Vertical sections through ovules at different stages of development. Note 
increase in number of vascular bundles; Figs. 148-151. Sections frcm  funicle 
towards the body of ovuJe; Fig. 146, «115: Fig. 147, x50; Figs. 148-151, x25. 
Figs. 152-154. Cells from the funicle of developing ovules, 190. 


TEXT-Fics. 155-170. Areca catechu. Fig. 155. L.S. ovule primordium with 
archesporium, X285. Figs. 156 and 157. Formation of parietal layers, x285. 
Fig. 158. Nucellus with full-grown megaspore mother cell, x235. Figs. 159 and 
160. Linear and T-shaped megaspore tetrads, x 235. Figs. 161-164. Stages in 
development of embryo-sac; Figs. 161-163, 235; Fig. 164, x190. Fig. 165. 
Micropylar part of the embryo-sac, «285. Figs. 166-170. Antipodals from enlarg- 
ing embryo-sac, x190. 


MEGASPOROGENESIS AND FEMALE GAMETOPHYTE 


A single hypodermal archesporial cell differentiates in the ovule 
primordium (Text-Figs. 78, 125 and 155) and cuts off the primary 
parietal cell (Text-Fig. 139) which gives rise to 2-3 layers of parietal 
tissue (Text-Figs. 156 and 157). The full-grown megaspore mother cell 
has the characteristic elongated and tapering form (Text-Figs. 59, 85, 
102, 126, 158, 181 and 193). Megaspore tetrads may be linear or 
T-shaped (Text-Figs. 61, 62, 86-89, 103, 104, 127, 159-161 and 194). 
The embryo-sac develops according to the normal type (Text-Figs. 90, 
105, 162-164 and 182). The synergids show either rounded pro- 
tuberances or hooks on their free sides and the polar nuclei fuse before 
fertilization (Text-Figs. 63, 67, 96, 130 and 165). The antipodals in 
Bactris and Cocos remain small (Text-Figs. 204). In other genera they 
enlarge considerably. Their lower ends extend to the base of the socket- 
like depression in the postament and their upper ends become large 
and sac-like (Text-Figs. 111, 112, 169 and 198). In Areca catechu they 
fill the saucer-shaped depression in the postament (Text-Fig. 170). 
In Chrysalidocarpus they are small and uninucleate at first but become 
large and multinucleate in the mature ovuJe; their walls become flimsy 
(Text-Figs. 97 and 98). Multinucleate antipodals were also reported 
by Lotscher (1905) in Pinanga sp. and Loxococcus rupicola. n Howea 
the antipodals persist till the embryo becomes 3-4-celled. At this stage 
(Text-Figs. 123 and 131) the cells are still intact though their nuclei are 
showing signs of degeneration. The cytoplasm of the young embryo- 
sac is scanty but increases in bulk and starch content as the sac grows. 


ENDOSFERM AND SEED DEVELOPMENT 


The pollen tubes traverse along the richly protoplasmic cells of 
the transmitting tissue of the ovary and along the wall of the loculus 
and funicular obturator and enter the ovule porogamously (Text-Figs. 
116 and 210). A synergid becomes effected by the entry of the pollen 
tube into the embryo-sac and persists for some time (Text-Figs. 116, 
134 and 240). 


The endosperm is of the nuclear type; a few endosperm nuclei 
are formed by the time syngamy is completed. The endosperm nuclei 
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Text-Fics. 171-185. Areca triandra. Figs. 171-177. Stages 1n the develop- 
ment of ovule; Figs. 171-173, x50; Figs. 174-177, x25; Fig. 178. Funicular 
obturator from mature ovule, x50. Figs. 179 ar.d 180. Vertical sectior-s tl.rough 
developing ovules, x65. Fig. 181. Part of ovule with full-grcwn megaspcre 
mother cel], 2]5. Fig. 182. Nucellus with 2-nucleate embryc-sac, X285. 
Fig. 183. L.S. part of ovule with embryo-sac at the begirrirg cf pcstemert fcrma- 
tion, X285. Fig. 184. Vertical section through fertilised ovule, x20. Fig. 185. 
Part of the above showing degenerating postament, 110. 


Text-Fics. 186-198. Areca concinna. Figs. 186-191. Ovules at various 
stages of developmert; Fig. 186. x6; Figs. 187-190. x35; Fig. 191, x25. Fig. 192. 
Vertical section through ovule, x25. Fig. 193. Part cf the ovule with megaspore 
mother cell, x285. Fig. 194. Part of an abnormal ovule sk.cwirg erdcthcliim and 
T-shaped tetrad, x190. Fig. 195. Micropylar part cf abnormal ovule showing 
embryo-sac, 135. Fig. 196. Micropylar part of mature embryo-sac, 235. 
Fig. 197. Micropylar part of mature ovule, x135. Fig. 198. Antipcodals from 
mature embryo-sac, 285, 


become distributed in a thin peripheral layer of cytoplasm which is 
distinct from the main mass of cytoplasm filling the central part of the 
sac (Text-Figs. 222 and 263). At about the 4-celled stage of the embryo 
in Actinophleus and Areca a central vacuole appears which persists till 
a late stage in seed development (Text-Figs. 117, 123 and 264). In 
Actinophleus the endosperm becomes cellular by the 8—10-celled stage 
of the embryo. The cytoplasm of the sac embeds a single row of endo- 
sperm nuclei, Cell-wall formation starts in the micropylar part and 
progresses towards the chalazal end and even after the formation of 3-4 
layers of cells around the embryo the endosperm in the chalazal part 
remains nuclear (Text-Fig. 118). The endosperm becomes cellular by 
a process of vacuolation. Vacuoles appear around the contiguous 
endosperm nuclei; these press against each other and the cytoplasm 
between them thickens into the middle lamella and is wavy to start 
with (Text-Fig. 250). Further divisions in the endosperm cells are 
followed by cel] plate formation (Text-Fig. 251) and endosperm cells 
are laid in regular series (Text-Figs. 252 and 254) The endosperm is not 
ruminate but occasionally small non-vascular protuberances develop from 
the testa (Text-Figs. 253 and 257). The endosperm cells next to the testa 
are small and those to the inside are larger (Text-Fig. 252), The cell-wall 


thickens and becomes pitted due to the deposition of hemicellulose 
(Text-Fig. 258). 


The endosperm in Caryota, Howea and Areca is ruminate. The 
ruminations are already apparent in the mature ovule and become pro- 
minent after fertilization (Text-Figs. 133, 177 and 286). In the mature 
seed they appear as branched or unbranched plates (Text-Fig. 264). 
The ruminations usually develop to the inside of vascular bundles. In 
Howea and Caryota they are non-vascular (Text-Fig. 72) but in Areca 
branches of vascular bundles extend into the ruminations (Text-Fig. | 


265). The vascular strand is surrounded by some colourless and tannin- 
bearing cells. 


The endosperm in Chrysalidocarpus differs from that of the other 
members in showing a massive chalazal haustorium. The peripheral 
part becomes cellular by simultaneous cell plate formation and increases | 
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Text-Fics. 199-210. Figs. 199-205. Bactris major. Fig. 199. L.S. ovary, 
x4. Fig. 200. L.S. ovule, x40. Fig. 201. T.S. ovary,» 10. Fig. 202. 
Part of the above. x30. Fig. 203. Locular canal, x20. Fig. 204. Antipodals 
from mature embryo-sac, X475. Fig. 205. Micrcpylar_ part cf mature ovule, 
%180. Figs. 206-208. Cocos plumosa. _ Fig. 206. L.S. mature ovary, X5. 
Fig. 207. Part of the above, x30. Fig. 208. L.S. mature ovule, x 90. 
Figs. 209 and 210. Cocos schizophylla. Fig. 209. L.S. ovules, X30. Fig. 210. 
Micropylar part of mature ovule, x90. 


218 


_ TEXT-FIcs. 211-221. Abnormal ovules. Figs. 211-216. re 

Figs. 211-214. Ovaries and abnormal ovules frcm ire: Figs. 211 oi So sa 
Figs. 212 and 214, x35. Fig. 215. An abnermal hemiaratrcpcus ovule. x35. 
Fig. 216. Two ovules from one loculus, x20. Figs. 217-220. Areca triandra. 
Figs. 217 and 218. Two ovules from one Icculus, x20. Fig. 219. An abrormal 
ovule with excessively develcped inner irtegumert, x20. Fig. 220. An abrcimal 
ovular position, x20. Fig. 221. An abnormal ovule of Areca concinna, x20. 


by intercalary divisions. The cells are laid in regular rows (Text- 
Fig. 230). The mature ovule is transverse and’ lateral in attachment. 
The micropyle is placed a little inner to the anterior end of the ovule. 
The postament with the antipodals stands opposite to the micropyle. 
The chalazal end of the ovule is separated from the placental end by 
some parenchymatous cells which are surrounded by a ring of vascular 
bundles (Text-Fig. 223). During seed development there arises an early 
chalazal aggregation of endosperm; this is separated from the main 
central] mass of cytoplasm by vacuoles. A peripheral layer of cytoplasm 
also occurs embedding a few endosperm nuclei (Text-Figs. 222 and 223) 
The chalazal endosperm develops into the haustorium; it becomes 
aggressive and forms protuberances which penetrate the overlying cells 
(Text-Fig. 224). The cells at the sides develop thick walls and persist 
forming a girdle around the haustorium. The centrally placed cells 
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Text-Fics. 222-236. Chrysalidocarpus lutescens. Fig. 222. L.S. fertilised 
ovule showing an early stage in endosperm developmer.t, X110. Fig. 223. Chalazal 
part of the above, x225. Fig. 224. A stage in the developmert cf endosperm 
haustorium, x90. Fig. 225. Chalazal part of endosperm haustorium, X50 
Fig. 226. Nuclei from the haustorium, x285. Fig. 227. Endosperm haustorium 
from old seed, x20. Fig. 228. Part of the fruit and seed with endosperm hausto- 
rium, X10. Fig. 229. L.S. fruit, x4. Fig. 230. Vertica) section of, seed, x10. 
Figs. 231-234. Developing fruits, x3. Fig. 235. A stone, x2. Fig. 236. LS. 
mature seed, x2. 


become wedged off by the etching action of the haustorium and some 
are seen as islands in the haustorium which are later digested. The 
chalazal end elongates and comes into direct contact with the placental 
vascular bundles (Text-Figs. 227 and 228). The endosperm around 
the central vacuole remains free nuclear for a long time and since this 
part runs continuous with the chalazal haustorium, transport of food © 
materials received from the placental bundles seems to be facilitated 
(Text-Fig. 229). The endosperm haustorium is a massive structure: 
it has a total length of 1,400-1,700,; a diameter of 750-800» at the 
placental end and 250-300 » at the bridge and 500-550 u at the mouth 
of the bridge. The cytoplasm in the chalazal part of the haustorium 
and bridge stains deeply, is rich in starch grains and vacuolated. 
Numerous nuclei of different sizes occur, some of which are formed by 
fusions (Text-Figs. 225 and 226). The nucleoli show one or more 
crystalline bodies. The endosperm in the placental cavity is relatively 
scanty, vacuolate and light staining (Text-Fig. 228). The endosperm of 
the haustorium does not become cellular; as the seed grows, it becomes 
pushed into the placental cavity and finally degenerates (Text-Fig. 227). 
It appears as a dark patch in the mature seed (Text-Fig. 236). Since 
the whole growth of the seed takes place in the anterior end, the embryo 
is situated at about the middle of the seed (Text-Figs. 229 and 236). 
The stone in Chrysalidocarpus and Actinophleus is covered by thick 
fibrous mesocarp (Text-Figs. 235 and 256). 


EMBRYO 


Development of the embryo was closely followed in Actinophleus 
macarthurii and Areca catechu; a few early stages were obtained in 
Howea. The fertilised egg divides transversely and gives rise to ca 
and cb (Text-Figs. 134, 135, 237, 238, 269 and 270). Ca divides 
obliquely and gives rise to a larger and a smaller cell (Text-Figs. 239 
and 271). The larger cell undergoes another oblique division and forms 
a triangular epiphyseal cell and a rectangular cell (Text-Figs. 136 and 
240). The other derivative of ca gives rise to two similar cells (Text- 
Figs. 241 and 272). So ca gives rise to quadrants of which one cell 
functions as the epiphyseal cell and gives rise to the stem tip of the 
embryo while the three remaining quadrants give rise to the rest of the 
embryo proper. The derivatives of ch give rise to a massive suspensor 
(Text-Figs. 242-248 and 273-278) which becomes detached and 
absorbed during the course of development (Text-Figs. 279 and 280). 
This type of embryo development resembles the Trifolium variation of 
the Onagrad Type (Johansen, 1950), | 
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TEXT-Fics. 237-262. Actinoghleus macarthurii. Figs. 237-249. Stages in the 
developmer t cf embryo; Figs. 237-246 280; Fig. 247, x190; Fig. 248. «135; 
Fig. 249, x35; Figs. 250-252. Cell-wall formation in erdcsperm; Figs. 250 ard 251, 
X 285; Fig. 252. x110. Figs. 253 and 254. LS. of seeds, X6. Fig. 255. T.S. seed. 
x€. Fig. 256. A stone, x2. Fig. 257. Part cf seedccat. x90. Fig. 258. Erdosperm 
cells, x 220. Figs. 259-261. Seedlirgs, x 3. Fig. 262. L.S. part of seedling, x1. 


TEXT-Fics. 263-286. Areca catechu. Figs. 263 and 264. L.S. ard TS. of 
developing seeds; Figs. 263, x15; Fig. 264° x6. Fig. 265. LS. tl.rcvgh rurira- 
tion, x90. Figs. 266-268. Develcpirg embtrycs ard acjecert tise, x10. 
Figs. 269-281. Stages in developmert of embryo; Figs. 269-277, x 380; 
Fig: 278, X235; Fig. 279, x99; Fig. 280, x30; Fig. 281, x15. Fig. 282. T.S. 
embryo, x6. Figs. 283-285. Seedlings, x4. Fig. 286. L.S. germinating seed, 
le 


The first division of the epiphyseal cell is vertical. The derivatives 
form a wedge-shaped mass of cells which is at first terminal (Text- 
Figs. 246, 247 and 277). Due to overgrowth of the tissue derived from 
the other three quadrants this becomes lateral and sunken in the mature 
embryo (Text-Figs. 248, 249, 278-281). 


The cotyledon becomes massive and surrounds the plumule, leaving 
a small pore for its emergence during germination (Text-Figs. 249 and 
281). In the mature embryo the plumule and radicle are oriented to- 
wards the micropyle. The hypocotyl shows a ring of vascular bundles 
branches from which extend into the cotyledon and radicle (Text- 
Fig. 282). No reserve food is stored in cells of the embryo. 


FRUIT AND GERMINATION 


The fruit is simple in Areca and Actinophleus; in Chrysalidocarpus, 
though it is usually simple and lopsided (Text-Fig. 231), it sometimes 
develops one or two extra lobes due to the enlargement of the vestigial 
loculi into empty succulent protuberances (Text-Figs. 232 and 233). 
Rarely a second ovule is seen (Text-Fig. 234). In all cases the fruits 
are drupes with thin epicarp (succulent in Actinophleus and Caryora), 
fibrous mesocarp and thin endocarp. In Howea though the ovule is 
corrugated, it becomes round in seed while in Actinophleus the corruga- 
tions are accentuated during seed development (Text-Fig. 255). The 
seedcoat is 15-20 cells thick and contains tannin-filled cells (Text- 
Fig. 257). 

During germination only a short cotyledonary tube is produced 
which serves to bring out the primary axis. The proximal part of the 
cotyledon enlarges, becomes spongy and penetrates the central seed 
cavity where the endosperm is somewhat loose (Text-Figs. 262 and 
286). This part serves to digest the endosperm, absorb the materials 
and transport them to the growing seedling. In Actinoph/eus a short 
primary root is produced while in Areca it 1s suppressed early (Text- 
Figs. 259-261 and 283-285). 


SUMMARY 


In this article the structure of the inflorescence and flower, organo- 
geny, microsporogenesis, structure of the pollen, megasporogenesis, 
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and development and structure of the embryo-sac, endosperm, embryo 
and seed are described in the following members of the Ceroxylinee- 
viz., Caryota urens L., C. mitis Lour., Chrysalidocarpus lutescens H:» 
Wendel., Howea belmoreana Becc., Actinophleus macarthurii Bece. 
Areca catechu L., A. triancra Roxb., A. concinna Thew., Cocos plumosa 
Hook., schizophylla Mart. and Bactris major Jacq. 


The flowers are unisexual and monecious. The floral organs arise 
in acropetal sequence. The anther shows a hypodermal endothecium 
and secretory tapetum. Mature pollen grains are 2-celled and mono- 
colpate. 


The ovary is 3-ovuled in Bactris and Cocos, 2-ovuled in Caryota 
urens and 1-ovuled in the rest. The ovules are orthotropous in Bactris, 
Howea and Actinophleus, hemianatropous in Areca and Chrysalido- 
carpus and anatropous in Caryota and Cocos. They are bitegmic and 
crassinucellate and show a well-developed chalaza in which the funicular 
vascular bundles branch. An endothelium is noticed in Cocos and a 
well-developed funicular obturator in Areca. Postament formation and 
embryo-sac baustorium are seen in Areca, Chrysalidocarpus, Howea 
and Actinophieus. 


The embryo-sac develops according to the normal type. The anti- 
podals become large and sac-like in Areca, Actinophleus and Howea; 
they are multinucleate in Chrysalidocarpus. The endosperm is of the 
nuclear type. It is ruminate in Caryota, Areca and Howea. In 
Chrysalidocarpus a massive endosperm haustorium is developed, 


An epiphyseal cell is demarcated during embryo development; 
ca gives rise to the embryo proper and cb to a massive suspensor. 
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EXPLANATION OF PLATE I 


Fics. 1-5. Areca catechu 
T.S. staminode, x 100. 
L.S. ovule with megaspore dyad, x80. 
L.S. ovule showing postament formation, x60. 
L.S. mature ovule, x50. 
Postament from mature ovule, «120. 
Fics. 6-9. Areca concinna 
L.S. ovule with 2-nucleate embryo-sac, x60. 
Antipodals, 550. 
L.S. ovule showing postament formation, x50. 


L.S. mature ovule, x40. 


Fics. 10-11. Areca triandra 


Vertical section through fertilised ovule, x40. 


Part of the above showing shrunken postament, x110. 
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SYNTHESIS OF AMINO ACIDS AND AMIDES 
BY NITROGEN-STARVED WHEAT 
SEEDLINGS, SUPPLIED WITH 
AMMONIUM SULPHATE 


By A. AUSTIN* 
Botany Department, University College. London 


(Received for publication on August 14, 1958) 


INTRODUCTION 


SEVERAL workers have studied the assimilation of inorganic nitrogen 
by nitrogen-starved plants (Roine, 1947; and Virtanen et al/., 1949 with 
Torula; Rautanen, 1948 with pea shoots; MacVicar and Burris, 1948 
with tomato; Willis, 1951 with Chlorella). A general conclusion which 
can be made from the abovementioned investigations is that when 
inorganic nitrogen is supplied to a tissue, rapid synthesis of organic 
nitrogen compounds, chiefly amino acids and amides, occurs. Little 
similar work, however, appears to have been carried out with intact 
wheat plants. 


The present work was carried out with intact four-day old wheat 
seedlings which have been nitrogen-starved for five days. In order to 
separate the transformations of ammonia in the root as much as 
possible from those in the shoot, the roots and shoots were analysed 
apart. The quantitative and qualitative changes in amino acids and 
amides after ammonia feeding were studied. The results throw some 
light on the synthesis of the above compounds in wheat seedlings. They 
are discussed along with the observations of other workers in relevant 
places, 


MATERIAL AND METHODS 


Growing seedlings.—Seedlings of wheat (var. ‘Little Joss”) were 
used for the experimental purpose. About a thousand grains of uni- 
form size were soaked in distilled water and kept in a refrigerator for 
two days at0°C, The grains which had been given this cold treatment 
were found to germinate uniformly. These were germinated on arti- 
ficial silk of 12”18" in size, contained in a tray of the same size. 
Growing the seedlings on artificial silk was quite essential to get the 
roots intact and uninjured for the experimental purpose. Approxi- 
mately 500 ml. of distilled water were supplied to keep them moist. 
The tray with the grains was then covered with a glass sheet to maintain 
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a humid atmosphere. The distilled water supplied to the grains was 
replaced every day during the period of germination. 


__Nitrogen starvation technique—After four days, 800 seedlings of 
uniform growth were selected and the endosperm was removed from 
each seedling. This was done to deprive the seedlings of the reserve 
food. They were then transferred to a nitrogen-free medium contain- 
ing: 

0-25 g. hydrated manganese sulphate, 
0-25 g. potassium dihydrogen phosphate, 
0-25 g. potassium chloride, 

0-25 g. hydrated calcium sulphate, 
0-003 g. anhydrous ferric chloride and 


I ml. of A, solution of Arnon (1938) containing boron, manganese, 
copper and zinc in 1 litre of “Pyrex’’ distilled water. The medium 
was adjusted to a pH of 5-5. The seedlings were grown in this medium 
for five days and illuminated by 75 Watts bulbs. The light intensity 
at the surface of the medium was 250 foot candles. The leaves of the 
seedlings grown under this condition were yellow green whereas the 
normal ones were dark green. 


Treatment of seedlings —The seedlings, which were nitrogen- 
starved in this way, were allowed to take up ammonium-N. For this 
300 seedlings of uniform growth were selected. They were divided 
into 12 batches of 25 each. The roots were washed well with “Pyrex” 
distilled water. Of these 12 batches, two batches of seedlings were 
taken for initial extraction and analysis of the amino acids and amides. 
The remaining 10 batches were transferred at a known time to 10 Petri 
dishes containing 10 ml. of the basic nutrient solution plus 0-66 g. of 
ammonium sulphate per litre. The pH of the medium was adjusted 
to 5-5. Two sets of the above seedlings were sampled after 1, 2, 4, 8 
and 24 hours respectively of ammonium absorption. Of each sample, the 
roots were carefully washed with 3x10 ml. distilled water to remove 
any adhering medium. The washings were added to the medium in 
the Petri dish and this was later made up to 100 ml. with distilled water. 


In order to study the changes of amino acids and amides in the 
shoot and root separately, they (root and shoot) were analysed apart. 


-. Extraction of the material—The method used to extract the samples 
was one which caused little breakdown of glutamine (cf. discussion 
of methods by Steward and Street, 1946). 


The seedlings were divided into roots and shoots. They were 
dried well with blotting-paper and quickly weighed to the nearest 0-01 g. 
Both the roots and shoots were extracted for soluble nitrogen sepa- 
rately. They were quickly cut into small pieces and immediately 
dropped into. test-tubes containing 5 ml. “Pyrex”. distilled water, kept 
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in a water-bath at 100° C., for 5 minutes in order to kill the cells. Then 
they were transferred to a water-bath at 80°C. for 10 minutes. At the 
end of this time the extract was carefully poured into a 25 ml. volumetric 
flask. Again 5 ml. of distilled water were added and the samples were 
extracted for another 10 minutes at 80°C. Each sample was extracted 
four times in this way and the combined extracts were made up to 25 ml. 
with distilled water. The extract with a little toluene added was stored 
at 0°C, 


Estimation of a-amino- and amide-N 


(1) Total free a-amino-N.—This was determined by the method of 
Frame, Russel and Wilhelmi (1943) as modified by Russel (1944). All 
volumes and reagent concentrations were altered, however, so that the 
final volume was 10 ml. instead of 15ml. Standards were run with 
each set of determinations and these received exactly the same treat- 
ments as the samples. The standard mixture was an equimolecular 
mixture of alanine and glutamic acid containing 30g. amino-nitrogen 
per ml. 


Free ammonia gives some colour with the reagents and therefore 
must be removed. To do this | ml. of the extract, taken in a 10 ml. 
Nessler tube, was heated for 90 seconds with 0-8 ml. of 10 N caustic 
soda. The alkali was then carefully neutralized and the determination 
of amino-nitrogen was carried out. The intensity of colour developed 
was read in a photoelectric colorimeter using a blue filter. 


After the final addition of reagents, the colour changed rather 
quickly during the first 10 minutes, but then it was perfectly stable for 
at least one hour at room temperature. Hence the tubes were allowed 
to stand for about 15 minutes before measuring the colour intensity. 


(2) Amide-N.—Total amide-N was determined by the method of 
Conway (1947). One ml. of the extract was heated for three hours in 
““Pyrex”’ test-tubes at 100°C. with 0-Sml. 3N sulphuric acid. After 
3 hours, the ammonia was determined and compared with that originally 
present. The increase of ammonia-N was taken as the total amide-N. 


Qualitative determination of amino acids and amides by paper chro- 
matography.—5:0 ml. of the extract was pipetted into 10 ml. specimen 
tubes and evaporated to dryness in vacuo over concentrated sulphuric 
acid at laboratory temperature. The residue from each extract of the 
shoot was redissolved in 0-5 ml. distilled water while the residue from 
the root extract was redissolved in 0-25 ml. distilled water to give 
approximately the same concentration of amino nitrogen. 0-1 ml. of. 
the solution was applied as a small spot (1 cm. in diameter) near one 
corner of a sheet (11}"x114") of Whatman No. 4 filter-paper. The 
chromatograms prepared in this way were developed as described by 
Fowden (1951) using water-saturated phenol in an ammonia atmo- ° 
sphere as the first solvent and the n-butanol acetic acid mixture of | 
Patridge (1948) as the second solvent. After drying the chromatograms, 
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the final positions of the amino acids and amides present were revealed 
by spraying with 0-1% solution of ninhydrin followed by a short period 
of heating at 90°C. 


RESULTS 


The quantitative changes in the total free a-amino-N and amide-N 
in the root and shoot during the 24 hours of ammonium assimilation 
are presented in Table I. The results show that the above two organic 
nitrogen fractions increase considerably in both the root and shoot 
after ammonium feeding. The qualitative changes of the amino acids 
and amides are presented in Table II, The values. shown in Table II 
are estimates obtained from ordinary qualitative chromatograms 
and therefore are probably subject to an error of + 50%. The res- 
pective values of the different amino acids and amides were fixed by 
comparing the intensity of the colour of the spots developed against 
a standard chromatogram simultaneously prepared. 


TABLE I~ - 
The changes of total free a-amino-N and amide-N 
. [The mean values of two readings are given. The results are expressed 


as (i) for root pg. N/1-01 g. fresh weight and (ii) for sl.oct 
wz. N/1-91g. fresh weight] 


Root: Shoot 


Time in hours —_— 
Amino-N Amide-N Amino-N Amide-N 


Initial Sa) [25 765 236 
1 BS tyae sees 150 749 292 
2g 400 ee LOO 755 2p ee 
4 a550 102 800 240 
8 469 198 880 240 
24 450 205 892 287 


~ , ~~ DISCUSSION 


The results presented in Table I show that rapid synthesis of total 
free -a-amino-N and amide-N occurs in nitrogen-starved wheat seed- 
- lings supplied with ammonium sulphate. Increase of total free 
a-amino-N occurred in the shoot even up to the 24th hour whereas 
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in the root it ceased after the 8th hour. This Suggests that the particular 
carbon residues necessary for the synthesis of amino acids might have 
been exhausted much earlier in the root than in the shoot. This is 
expected since the shoot was photosynthesising and thus had an addi- 
tional carbon supply. 


During the 24 hours of ammonium assimilation the changes in 
amide-N were more or less similar in both the shoot and root. Except 
for a possible rise and fall during the first two hours this fraction 
increased towards the end of the experiment. These increases occurred 
in the root rapidly after the 4th hour whereas in the shoot they were 
gradual and did not occur until after the 8th hour. 


Qualitative paper chromatograms showed that glutamic acid, 
aspartic acid and alanine were the chief amino acids which were syn- 
thesised. Of these the synthesis of glutamic acid was found to be most 
prominent in both the root and shoot. Alanine was less prominent in 
the root than in the shoot. Glycine, serine, leucine and valine, though 
found in both the root and shoot, do not show much variations during 
the 24-hour experimental period. Basic amino acids were detected in 
shoots but not in roots. Both the roots and shoots contained y-amino 
butyric acid. This was more prominent in the shoot than in the root. 


Of the amides, asparagine was more abundant (judging by the 
intensity of spot) than glutamine in nitrogen-starved wheat seedlings, 
but it did not appear to change in amount so much as glutamine during 
the 24 hours of ammonium assimilation. The initial rise of amide-N 
in both the root and shoot seemed to be due chiefly to glutamine 
synthesis. 


Roine (1947) working with Torula utilis and Rautanen (1948) with pea 
shoots found that there was a rapid and intensive synthesis of organic 
nitrogen compounds when ammonia was assimilated. This organic nitro- 
gen was chiefly composed of amino dicarboxylic acids and their amides 
and alanine. The chief amino dicarboxylic acid was glutamic acid and 
the chief amide glutamine. Willis (1951) with excised barley roots, and 
Syrett and Fowden (1952) and Syrett (1953) with Chlorella observed 
that ammonia assimilation was accompanied by rapid synthesis of 
amides, chiefly glutamine and free amino acids. If ammonia contain- 
ing N was supplied (Willis, 1951, MacVicar and Burris, 1948; Vickery 
et al., 1940), it was found that the amino group of glutamic acid became 
quickly labelled showing that these groups were quickly formed from 
externally supplied ammonia. The results obtained from the chromato- 
graphic study of the present investigation are also suggestive of the key 
position of glutamic acid during ammonia assimilation. 


SUMMARY 


The synthesis of amino acids and amides by nitrogen-starved wheat 
seedlings supplied with ammonium sulphate was studied. Four-day old 
seedlings were starved of nitrogen for five days and then ammonium 
sulphate was supplied. Changes in amino acids and amides in roots 
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and shoots were followed both quantitatively and qualitatively for 
24 hours. Both increased in the root and shoot after the supply of 
ammonium sulphate. Amide-N rose and fell during the first two hours 
but again increased considerably towards the end of the experiment. 


Chromatographic examination of the soluble nitrogen fractions 
showed that glutamic acid, aspartic acid, alanine, glycine, serine, 
leucine, valine, y-amino butyric acid, asparagine and glutamine were 
present in both the roots and shoots. Basic amino acids, though 
detected in the shoots, were not apparent in the roots. 


Chief amino acids which appeared to have been synthesised (judg- 
ing from the intensity of the colour of spots developed) during ammonia 
assimilation were glutamic acid, aspartic acid and alanine. The synthe- 
sis of glutamic acid seemed to be more prominent than others. 


Both glutamine and asparagine developed conspicuous spots but 
that developed by glutamine appeared to be more prominent during the 
period of ammonia assimilation. 


The results are discussed along with the observations of other 
workers. 
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STAMINAL TERATOLOGY IN THE GENUS 
NICOTIANA 
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(Received for publication on August 18, 1958) 


INTRODUCTION 


DEVIATION from the normal developmental morphology of stamens 
appears more frequently in Nicotiana species than in other genera of 
angiosperms. The modifications range from simple multiplication of 
parts (chorisis or polymery) to a complete transformation often leading 
to non-identical structures. The exact origin and nature of the impulse 
creating the changes seem yet little understood, though environmental, 
physiological and genetical causes are inferred. The present observa- 
tions consist mostly of cases not recorded so far and might help as useful 
additions to the already existing list of floral teratology relating to the 
genus in particular (Worsdell, 1916; Wolf, 1935; White, 1948). 


MATERIAL AND METHODS 


Flowers showing abnormal stamens appeared at frequent intervals 
in the Nicotiana species grown at the Central Tobacco Research Insti- 
tute, Rajahmundry. The materials were studied carefully under the 
dissecting microscope and diagrams drawn with Indian ink. Pollen 
counts were made wherever necessary and the fertility recorded. 


OBSERVATIONS 


The normal Nicotiana flower conforms to the formula K,,) Cis) As 
G; g, While the calyx and the corolla do not seem to differ in their 
characteristic features among the species, the andreecium is characterised 
by the varying levels of stamen insertion in the corolla (vide Goodspeed, 


1954) and by modifications arising due to chorisis or multiplication of 
the whorl. 


Petaloid and atrophied anthers were the rule in several flowers of 
N. megalosiphon and N. langsdorffii. They have also been included 
under chorisis below. The abnormal types have been described below 
under two categories: (1) uninherited modifications and (2) heritable or 
gene controlled ones. The significance of these types have been 
described in general at the end. 
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Text-Fias. 1-5. The different types of modifications of the stamen. 
Fig. 1(a-d). Petaloid stamens, 30. Fig. 2 (a-c). Deformed anther, Us 
Fig. 3 (a-c). Appendaged or crested anthers, x50. Fig. 4. Single epipetalous 
anther in N. alata (natural size). Fig. 5(a-e). Tubular stamens in N. tabacum 
flower, x2. 


I. Uninherited Modifications 


A. Staminal Modifications 


1. Petaloid anthers—These are most common in flowers of 
N. tabacum. They appear in late season flowers, which coincide with hot 
days. Here the filament is expanded into a petaloid ribbon adjoining 
the anther sac (Text-Fig. 1 a-d). Such stamens also appear frequently 
in flowers of N. megalosiphon. 


2. Atrophied or rudimentary anthers—Here the anther is folded 
dorsiventrally and produced into irregular pouches (Text-Fig. 2 a—-c) or 
possessing appendages at the top as in Text-Fig. 3 a-c. Normal stamens 
appear side by side with the abnormal ones. However the anthers 
contain good pollen and fertility is normal. An extreme case of reduc- 
tion is indicated in Text-Fig. 4 which appeared in a flower of N. alata 
where the staminal whorl was represented by a single filamentless 
anther attached to the petal. 


3. Tubular stamens.—This case was observed in a flower of 
N. tabacum. The modified stamens are represented in Text-Fig. 5 a-e. 
Text-Figure 5a shows the tubular filament with 4 pairs of anther lobes 
attached at different levels. Text-Figure 5 } is of a forked filament with 3 
‘ pairs of anther lobes. Text-Figures 5c and d show each a pair of anther 
lobes and also a ring of nectary marked nc. Text-Figure 5 e represents 
the filament without any anther but having two ‘needles’. Thus, in all, 
the five stamens would mean to carry nine anthers instead of the usual 
five. Fertility is much impaired due to non-dehiscence of these anthers. 


4. Branched stamens.—In hot days and by the end of the flowering 
season such stamens developed sporadically in flowers of N. tabacum 
with split corolla lobes. A typical branched stamen is shown in Text- 
Fig. 6. The branched stamen appeared amidst four normal stamens. 
Fertile anthers were present at the tips of the branches except one which 
bore a stigmatie cup. The main filament of the branched stamen was 
rounded off and on it were attached two lobes of an anther. In some 
flowers, the connective at the base of anther was drawn out into a spur 
as shown in diagram (Text-Fig. 7.) 


B. Chorisis and other Uninherited Modifications 


Cases of chorisis have been reported by White (1948) in a fasciated 
N. tabacum plant and by Tyagi (1956) in a normal plant. N. megalo- 
siphon also reveals chorisis to some extent besides frequent gynecial 
fasciation resulting in double or triple pistil condition. It is quite 
interesting to note thct in many cases, two lateral ovaries have fasciated 
style and stigma while the central ovary sandwiched as it is by the lateral 
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ones, is quite normal (Text-Fig. 19). In some cases, a single stamen, 
representing the andreecium, gets fused at some distance with the ovary 
and also possesses a stigmatic appendage (Text-Fig. 17). 


Various gradations of chorisis as represented in Table I have been 
observed in N. repanda. 


TABLE I 
No. of 
flowers 
paneer GAG) Carpal HONS 
(1956-57 
season) 
Normal 1 5 5 Si sik 2 a 
Abnormal 2 e 4 nt ae 2 ie 
ms 6 6 Guat 2 22 
4 y of 7 1 2 8 
5 8 7 Ta 3 8 
6 8 8 Ree a2 4 = 
7 ino i OF) 442) 223 9 
8 9 9 pee 6 6 
9 Wert alt. 2 5 12 
10 [ieee Sep) 15. 2 4 4 
11 1 Shee Si 15.45) 2/1 5 
12 ROME S Dy 1S ol 6 


It may be seen from Table I that in some flowers the normal 
pentamerous condition reaches the climax when the parts are trebled 
as K,,C,;A;s. However, the ovary does not multiply and retains its 
singularity although the locules increase in number from the original 2. 
This might confirm the fact that the gynceecium development takes place 
independent of the other floral organs. . It also would mean that there 
is a closer relationship between petals and stamens and that their deve- 
lopment might be simultaneous. The above instances of stamens 
modifying with various petaloid organs point to this fact. 


II. Inherited Staminal Modifications 


The malformations falling under this group appear uniformly from 
generation to generation according to their mode of inheritance and 
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TEXT-FIGs. 6-13 
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.TEXT-Fics. 6-13. Fig. 6. Branched stamen in N. tabacum flower, x2. Fig. 7. 
Spurred stamen, x2. Figs. 8-10. Staminocarpid anthers of N. alata. 100. 
Figs. 11-12. Male sterile stamen of N. tabacum, x50. Fig.13. T.S. of male 
sterile anther of N. tabacum showing spirally thickened cells of the anther wall and 
degenerating tapetum, 400. 


hence differ basically from the uninherited ones described above. The 
abnormalities in the following cases have been determined to be due to 
homozygous recessive genes. The malformations referred to are 
(1) Pistillody of stamens, (2) Rudimentary or petaloid male sterile 
stamens, (3) Fasciated pistilloid stamens and (4) Stigmatoid anthers. 


1. Pistillody of stamens.—Otherwise referred to as ‘stamino- 
carpids’ this abnormal staminal modification was spotted in a single 
plant of N. alata entirely with the abnormal flowers. Avery (1929) 
had earlier described a similar case in the same species and concluded 
the character as a monogenic recessive. 


In the abnormal flowers the stamens were prolonged into a style 
with a stigmatic appendage at the top (Text-Fig. 8). The ventral lobe of 
the anther bore clusters of naked normal ovules. The dorsal lobe was 
normal containing pollen grains. The ovules did not develop further 
into seed-like structures. Meiotic studies of the normal part of the 
anther revealed that there was a small degree of irregularity at A, and 
A, stages but the usual chromosome number (n: 9) remained unchanged. 
Only a few sticky and spongy pollen grains were formed in the mature 
anther and these degenerated due to non-dehiscence of the anther. 


Text-Figure 9 shows one half of the ventral lobe being occupied by 
the “‘pseudo ovules” while the other half developed normally, though 
thrown into pouches. Text-Figure 10 shows an overdeveloped dorsal 
lobe enveloping the cluster of ovules almost entirely except for a narrow 
longitudinal slit, thereby making the structure appear like a closed carpel. 


2. Stigmatoid anthers.—These anthers possess stigma-like appen- 
dages without any transformation of the ventral lobes unlike the pistil- 
loid type. This feature is not constant in all the flowers and even in all 
the stamens of a single flower. The style and stigma are very short 
and inconspicuous. In a rare instance, additional stigmatic appendages 
appeared at various places on the anther as in Text-Fig. 16. This 
character has also been found to be inherited. Such stamens appeared, 
as far as we know, only in N. alata. 


3. Rudimentary male sterile stamens.—Bhat and Krishnamurty 
(1956 a) reported a case of male sterile condition in N. tabacum (var. 
H.S.) which they regarded as due to two recessive genes. The mutant 
was observed in a field of N. tabacum (var. H.S.). The anther is com- 
pletely transformed into rudimentary petaloid structure and the locules 
are totally absent. Due to failure in stages of microsporogenesis no 
pollen grain is formed and hence the male sterility (Text-Figs. 11-13). 
However the ovary is fertile and capsules are set when pollinated with 
other pollen. The rudimentary anthers revealed that the tapetum had 
been crushed to a thin, discontinuous layer due to the formation of 
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17 18 19 


TEXT-FiGs. 14-19, Figs. 14 and 15, Fasciated staminocarpid anther of 
N. megalosiphon x N. glauca hybrid, x2 and x40, Fig. 16. Stigmatoid anther 
of N. alata, x50. Fig. 17. Fusion of stamen with pistil, x2. Fig. 18. Double 
style—one without any ovary, x2, Fig. 19, Fasciated—normal ovaries lying side 


by side, x2, 
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several layers of peculiar spirally thickened cells (Text-Fig. 13). The 
cells were all empty except for an occasional nucleus here and there. 


4. Fasciated stamens.—Fasciated stamens occur in hybrid plants 
of N. megalosiphon x N. glauca crosses. The modified stamens appear 
as small ribbons closely adpressed to the ovary and do not grow above 
it (Text-Figs. 14 and 15). They also possess knobs similar to stigma. 
The case has been reported by Bhat and Krishnamurthy (1956 5). The 
stamens possessed ovules as in the case of pistilloid stamens of N. alata 
described earlier, An exactly similar case has been observed very 
recently in a three species hybrid of N. glutinosa—N. trigonophylla— 
N. megalosiphon. The character is stable in all the flowers. _ 


COMMENTS 


Under floral teratology several cases of abnormalities particularly 
those relating to stamens are being reported from time to time in angio- 
sperms and they relate to either simple modifications such as chorisis 
or rudimentary anthers or highly differentiated staminocarpids (Wors- ° 
dell, 1916; Anthony, 1918; Leighty and Sandow, 1924; Wolf, 1935; 
Dutt and Thulja Ram, 1948; White, 1948; Kihara, 1951; Farooq, 1952; 
Tyagi, 1955; Bhat and Krishnamurty, T., 1956; Bhat and Krishna- 
murthy, K. V., 1956; Krishnamurthy, K. V., 1957; Singh, 1957; Biswas, 
1956 and Raghavan, 1957). 


While the heritable malformations have been demonstrated as 
genetic, the uninherited types are interpreted as either due to physio- 
logical or environmental conditions. Some also regard diseases as the 
causative agents. In the instances cited above, neither diseases nor 
environmental conditions could have been the cause since they appeared 
at all times in healthy plants. Therefore, they have to be basically 
traced to pliable genotypes of which the expression gets modified now 
and then due to physiological influence. The presence of genes includ- 
ing modifiers expressing themselves in different ways, such as reversal 
from one sex to the other or formation of inter-sexes due to internal 
(physiological) and seasonal or photoperiodic changes has been amply 
proved by several workers, notably by Storey (1953) during his investi- 
gations in Papaya. The carpellody of the stamens has been regarded 
as one of the stages of modification occurring under the control of 
genes. Thus it may be that the uninherited modifications do not differ 
intrinsically from the inherited ones. 


SUMMARY 


Staminal modifications of both inherited and uninherited types 
occurring in species and hybrids of the genus Nicotiana are described. 
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FOLIAR CALCIUM IN ANOGEISSUS 
LATIFOLIA WALL. 


By S. R. JosHi 


Department of Betany, Mahakeshal Mahavidyalaya, Jabalpur 
(Received for publication on August 9, 1958) 


Anogeissus latifolia Wall. is of widespread occurrence and is found 
in all parts of India except Assam and Bengal (Troup, 1921). Ecologi- 
cally it is plastic to the conditions of environment and is found under 
a large variation in geological and climatic conditions. However, too 
moist regions are not favourable for its growth. Similarly, drier regions 
like Ajmer-Marwar are also unsuitable. In drier regions the tree 
remains stunted and crooked. It grows well in soils derived . from 
archeans, metamorphic rocks, sandstones, limestone traps and _laterites, 
but attains its largest size in deep alluvial soils. Probably, it avoids 
swampy and badly drained places. Troup (1921) labels it to be a “‘light 
demander”’; he further assumes that it gets damaged by frost. 


In understanding the ecology of any species a study of its nutri- 
tional requirements is of great importance. The present study was, 
therefore, undertaken to ascertain the probable effects of soil calcium 
on the growth and distribution of this species. Thus the paper aims 
to investigate if there is any correlation between soil exchangeable cal- 
cium and soil pH with foliar calcium in Anogeissus latifolia. 


In all probability, if soil grown plants were analysed with chemical 
methods, all elements found in earth’s crust would appear as plant con- 
stituents (cf. Stout and Overstreet, 1950). Elements present in plants, 
are therefore, a consequence of the presence of the same elements in soil. 
Hence an analysis of soil and plant should reveal the existence of some 
relationship between them. Foliar analysis has been used as a means 
of noting the nutritional requirements of plants in ecology. As a guide 
in agriculture foliar analysis has been used in Western countries, as 
reviewed by Puri and Gupta (1954). Lundegardh (1934, 1938, 1941) 
regards a complete physico-chemical analysis of the soil and plants 
as a means of understanding the problem of plant nutrition. Further 
information on the subject has been reviewed by Lundegardh and 
Mitchell (1951). 

From chemical aspects it appears that a factor affecting or govern- 
ing the distribution or growth of a species should show following 
behaviours :— | 


(1) The presence or absence of the same factor should increase 
or decrease the vegetative or reproductive growth of a plant. 
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(2) A gradual increase or decrease of the same factor in soils should 
also synchronise with somewhat similar behaviour in plants. 


Thus Puri and Gupta (1954) and Bhatia (1955) have shown that 
many tree species bear correlation between foliar mineral contents and 
mineral contents of the soil. 


METHODS OF STUDY 


Soil samples from 2-6 inches depths were collected from different 
forests of Madhya Pradesh. These were dried in oven at 110°C. for 
12 hours. The calcium was then determined by the usual potassium 
permanganate method as given by Loomis and Shull (1937). The value 
is expressed as gram per cent of dry weight of soil. 


Oven-dried leaves were ashed in a muffle furnace at 700°C. for 
two hours. The amount of foliar calcium was then determined in the 
ash as per the method given by Piper (1947). The results are expressed 
as gram per cent dry weight of leaf. 


The investigations were made on the following soil types :— 


1. Basalt soils ..  Wavell Road (Jabalpur), Nepanagar, 
(Khandwa), Patharia (Sagar), Chanda 
and Badwani. 


2. Sandstone soils .. Shahgarh (Sagar), Katangi and Pach- 
mari, Kanha-Kisli (Mandla). 
3. Alluvial soils .. Near Lalpur and in Narmada Ravines 
at Jabalpur. 
4. Granite outcrop .. Near Gupteshwar (Jabalpur). 
OBSERVATIONS 


Soil exchangeable calcium.—Soil exchangeable calcium of the 
different forests examined are presented in Table I. From the table great 
variation in the values is noted. The range is from 0-06-0:46% of the 
dry weight of soil. In forests having severe biotic operations [the forests 
of Wavell Road, Bhedaghat (Narmada Ravines) and Gupteshwar, 
Jabalpur] the soil exchangeable calcium varies from 0-15-0-46%. In 
these forests, irrespective of the underlying geological formations the 
average height of tree is between 10-25 feet. 


In other forests where the biotic operation is less and the height 
of trees varies from 30-55 feet, the calcium is slightly low. The range of 
calcium in these forests is from 0-06-0:39%. Thus it is noted that 
good growth of the tree is generally accompanied by lesser amount 
of soil calcium. 


Soil pH.—Soil pH ranges from 5-78-7-25. Irrespective of differ- 
ences in the geological formations in different forests the pH does not 
show any large variation and is maintained somewhat at neutral. 
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TABLE I 


Showing soil pH, soil exchangeable calcium, foliar calcium 
and foliar ash in different forests of M.P. 


Soil Foliar 
exchangeable Foliar ash calcium 
Locality and Soil calcium ingm.%of ingm.% 
Geology pH ingm.% of dry weight of dry 
dry weight of leaf weight 
of soil of leaf 
Wavell Road, Jabal- 6°15 0-19 7-600(O) 3-168 (O) 
pur (Basalt) 7-000 (Y) 1-800(Y) 
Gupteshwar, Jabalpur 6-70 0-15 5-000 3-430 
(granite). 
Narmada Ravines, 7:05 0:46 7-600 2-544 
Jabalpur (alluvium) 
Lalpur, Jabalpur 6:95 0-42 8-400 3-308 
(alluvium) 
Patharia, Sagar 6-50 0-36 10-620 4-180 
(basalt) 6:40 0-21 8-200 2-256 
6:35 0-28 8-040 2-688 
5-78 0-28 8-025 4-320 
6:21 0-17 12-012 5+328 
6:08 0-29 12-390 2-160 
6:18 0-12 10-590 3-072 
Shahagarh, Sagar 6-80 0-25 9-580 4-922 
(sandstones) Taiss 0-25 9-828 4-572 
6°95 0-13 11-616 3-504 
6:75 0-24 8-196 4-812 
7°10 0-29 18-780 4-368 
6-90 0-30 11-192 3-936 
Badwani, Hoshanga- 6-50 0-16 12-224 4-752 
bad (basalt) 6:55 0-28 15-204 2-832 
6-80 0-32 8-828 3-792 
Nepanagar, Khandwa 6-50 0-33 10-840 2-189 
(basalt) 6:60 0-19 10-260 4-224 
6°49 0:14 10-780 4-704 
6:50 0-26 7-788 3-984 
6:58 0-16 11-940 4-800 
6°55 0-17 13-628 5+328 
6:90 0-39 10-180 2-448 
6:65 0-24 10-180 5-040 
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Soil Foliar 
exchangeable Foliar ash calcium 
Locality and Soil calcium ingm.%of ingm.% 
Geology pH ingm.% of | dry weight of dry 
dry weight of leaf weight 
of soil of leaf 
Chanda (basalt) 7-00 0-11 10-996 4-220 
7:09 0-18 12-400 4-800 
6-85 0-20 7-580 3-744 
6:50 0-11 6-198 3-648 
6-50 0-13 6-588 3-168 
6:58 0-13 8-444 1-872 
Pachmari, Hoshanga- 7-15 0-19 4-000 3-168 
bad (sandstone) 7-20 0-23 i“ ap 
6:50 0-11 9-600 2-880 
6-15 0-08 2-200 1-872 
6-50 0-06 9-600 1-150 
6:30 0-07 6-400 1-776 
Katangi, Jabalpur 6:90 0-15 10-000 2-160 
(sandstone) 
Saidpeth* 6-80 0-07 6-800 (Y) 0-437 (Y) 
Pothamadi* 7:10 0-15 5-900 (Y) 0-814 (Y) 
9-000 (O) 1-520(O) 
Ayerangal* 7:10 0-30 4-836(Y) 1-104(Y) 
5-196(O) 3-264 (O) 
Punjab*, Garba- 7:25 0-09 13-192 3-360 
shankar 7:10 0-09 4-820 2-160 
7°15 0-10 12-184 4-032 
Punjab*, Jwalamukhi 6-50 0-38 8-028 2-266 
7°10 in 10-180 3-984 


* Samples obtained through the courtesy of the respective forest officers. 
(Y) Young leaves. (O) Old leaves. 


awh 


Soil profile——Soil profiles in the following forest regions were 
studied :— 


Kanha-Kisli (Mandla Division), Patharia and Shah 
Division) and Nepanagar (Khandwa). ahagarh (Sagar 
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__All the profiles examined were almost immature. Except in Kanha- 
a a aie in ao exchangeable calcium is noticed with the depth 
ol the protiles (see Table II). However, the soil pH decre duall 
with depth in all the profiles. 7 Sie tas sor 


TABLE II 


Showing variation in soil pH and soil exchangeable calcium 
in some soil profiles 


Soil exchangeable 
Depth Soil calcium in gm.% 
Locality in feet of dry weight 
of soil 


be} 
a 


“its 
*199 
“199 
2139 


Kanha-Kisli (Mandla division) 


Aaa a 


-270 
2172 
130 


Nepanagar (Khandwa division) 


130 
-100 
-100 


Shahagarh (Sagar division) 


2 oCo°O ooo @eKeKe)\(=) 


(=) 
S 
\O 
=) 


0-300 
0-230 
0:220 


Patharia (Sagar division) 


Me tia ees: 5 * 
is me = 

3 Reo ASSO Won may 
AWAD DADA Aaa 

ASR ADKRO AD NAowond 


Foliar calcium.—Foliar calcium varies from 1-15-5-328%. It is 
observed that foliar calcium in Anogeissus latifolia is affected by soil 
pH and exchangeable calcium to a certain extent. Foliar calcium is 
found to increase with soil calcium up to 0-17%. Thus at 0-06% soil 
exchangeable calcium, the foliar calcium is 1-15% with increase in soil 
exchangeable calcium to 0-17% the foliar calcium also increases and 
goes to 5-328°%. Further increase in soil exchangeable calcium brings 
about a decrease in foliar calcium. Thus at 0-24% soil calcium, foliar 
calcium is 5:04%, at 0-28% it is 4-32% and at 0-30% it is 3-936%. 
The same is graphically represented in Text-Fig. 1. tng tee 


While noting the effects of soil pH upon foliar calcium it is seen 
that in general with increase in pH there is a corresponding increase 
in foliar calcium. It must be mentioned here that pH pertains to sur- 
face and subsurface soils. It would appear from Text-Fig. 2 that at about 
oane he 
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TextT-Fic. 1. Showing relation between soil Calcium and foliar calcium of 
Anogeissus latifolia. 


pH neutral to subneutral (pH 7:3) the foliar calcium varies between 
3-4%. 

Foliar ash—The amount of foliar ash varies from 2-20-18-78%. 
Foliar ash and foliar calcium are probably directly proportional to each 
other. The only exception is with foliar.calcium 5-328%. This could 
not be accounted for. The same is given below. 
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TEXT-Fic. 2. Effect of Soil pH upon foliar Calcium of Anogeissus latifolia. 


Foliar calci um F oliar ash 
1-872 2-200 
2-160 4-820 
3-648 6+198 
3+984 10-180 
4-032 12-184 : 
4-368 18-780 | 
5-398 =!) 83628 


INTERPRETATION’ AND Discussion OF RESULTS 


It has been observed that Anogeissus latifolia grows under a large. 
extent of variation in soil exchangeable calcium. Thus the species. 
appears to be tolerant to calcium to a certain extent. 
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Foliar calcium has been found to increase with increase in soil 
exchangeable calcium and pH. However beyond a certain limit of soil 
exchangeable calcium, the foliar calcium decreases. It has been men- 
tioned that good growth of Anogeissus latifolia is coupled with lesser 
amount of soil and foliar calcium. Thus available soil calcium appears 
to govern the growth of this species. Hence the idea that a gradual 
increase or decrease of the governing factor in soil should also syn- 
chronise with somewhat similar behaviour in plants appears to hold 
good in the present instance. 


While putting Anogeissus latifolia in an ecological classification 
of plants on the basis of its calcium relationship the following review 
will be worthwhile to study first:— 


Pearsall (1952) states that an ecologist can usefully recognise certain 
limits of pH which can be correlated both with certain types of vegeta- 
tion and also with other soil properties. He regards those plants as 
‘calcicole’ which usually occur on soil having pH above 6:5. Such 
soils are said to be base saturated and having free calcium carbonate. 
Misra and Puri (1957) recognise foliar calcium as a good index of cal- 
cium status of soil. They have further shown that plants growing on 
basic soils have a higher amount of calcium. Quoting Hsich-yu Hon 
and Merkle (1950), Misra and Puri (1957) have tried to classify plants 
on their calcium relationships and soil pH into calcicole, calcifuge and 
indifferent to soil calcium. 


Debating the above classification of plants many points of interest 
can be argued. 


The main point is the basis on which such a classification should 
be based. Pearsall (1952) has tried to classify the plants on the basis 
of their requirements for pH value and base saturation of soils. Misra 
and Puri (1957) have dilated that calcium relationship may be taken as 
a basis of such classification. They have taken foliar calcium and soil 
pH as the index of the classification. In past two types, of plants have 
been recognised, namely (1) dwelling on acidic soils and (2) living on 
basic soils. All these classifications tend to converge on the base 
exchange phenomenon of soil. Soil which is base saturated, as is well 
known, has a higher percentage of exchangeable calcium; and the pH 
is generally neutral to slightly alkaline. The pH, according to Oosting 
(1956). has a regulatory effect upon the chemical processes of soil affect- 
ing the plant growth. Further according to him increased acidity may 
reduce availability of nutrients, e.g., in such conditions phosphorus 
combines with aluminium and iron to form insoluble phosphates. 
Similarly, many soil organisms including nitrifying organisms are 
adversely affected by acidity. A Jess leached down soil generally has 
low percentage of iron and a good exchangeable calcium. Corres- 
pondingly the pH is neutral to basic. 


_ It appears from the foregoing short description that base satura- 
tion should be the main criterion for such chemical classification of 
plants. We cannot take pH of the soil as the basis of classification 
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since generally we determine the pH of the superficial soils only. 
Further the pH of the soil fluctuates with its hydration. Thus although 
pH is a good measure of such classification, we cannot totally depend 
on it. It appears that the soil calcium and foliar calcium may be a 
better index for a chemical classification of plants. 


It can be concluded that Anogeissus /atifolia is probably a calcicole 
species because :— 


(1) Soil exchangeable calcium varies from 0-06-0-46%, which is 
a fairly good quantity, and 


(2) Foliar calcium has a wide range of variation (from 1-150- 
5+328%). 


Thus it can be inferred that (1) Anogeissus latifolia probably 
possesses a high ecological amplitude and tolerates a large extent of 
variation in soil exchangeable calcium. Pandeya (1953) while studying 
the grassland ecology of Sagar observes that a species having high eco- 
logical amplitude has a tolerance for soil exchangeable calcium. This 
holds good in present investigation also. (2) Soil calcium is probably 
a governing factor in the growth of Anogeissus latifolia. The foliar 
calcium increases with increase in soil exchangeable calcium up to 0-17% 
but with higher values of calcium there is recorded a decrease in foliar 
calcium. (3) The species is probably a ‘calcicole’. 


SUMMARY 
1. Anogeissus latifolia occurs on all types of geological formations 
as well as climatic conditions. 


2. The present study deals with the relation of soil pH and soil 
exchangeable calcium and foliar calcium and ash with the growth of 
species. 


3. The soil exchangeable calcium varies from 0-06-0-46%. 
4, The pH value ranges from 5-78-7:25. 


5. The foliar calcium varies from 1-15-5:328%. The foliar ash 
varies from 2:214%-22-78%. 


6. Soil calcium is probably a governing factor in the growth of 
Anogeissus latifolia. . 


7. The amount of foliar calcium increases with increase in soil 
exchangeable calcium up to 0-17%. Beyond this value there is a decrease 
in the amount of foliar calcium. 


8. The species is probably a ‘calcicole’ one. 
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INTRODUCTION 


THE genus Euphorbia presents some interesting features in its general 
habit and morphology. In the majority of species the female gameto- 
phyte follows the Polygonum type of development but other variations 
are also met with in the genus (see Banerji, 1951; Maheshwari, 1942; 
Schnarf, 1931). The same is true of its embryogeny to some extent. 
The existing literature on the structure and development of seeds of 
the Euphorbiacee shows that there are also certain variations in the 
seeds (see Landes, 1946 and Netolitzky, 1926). 


The present investigation has been undertaken in the hope of find- 
ing out if the structure of seeds in the various species of Euphorbia 
presents some interesting features common to all. 


MATERIAL AND METHODS 


Flowers, ovules and seeds in different stages of development, 
collected from Taj garden, Agra, were fixed in formalin-acetic-alcohol. 
The material was dehydrated in alcohol-xylol as well as tertiary-butyl 
alcohol series and was embedded in the usual way. Sections were cut 
between 8-20, thick and were stained with Heidenhain’s iron-alum 
hematoxylin and safranin-fast green combinations. Few hand sections 
of mature seeds were also cut and were stained with safranin-fast green 
combination. 


OVULE 


The ovary is tricarpellary. It bears a single ovule in each loculus 
and it arises as a dome-shaped protuberance on the axile placenta 
(Text-Fig. 1). As the ovule grows it bends up and becomes a somewhat 
elongate and J-shaped structure (Text-Fig. 2). The outer integument 
arises first as a lateral rim around the base of the nucellus (Text-Fig. 2, o/). 
It is soon followed by the inner one (Text-Fig. 2, ii). The outer integu- 
ment envelopes the inner one completely by the time a binucleate embryo- 
sac is formed in the nucellus (Text-Fig. 3). In ovules showing a mature 
~ embryo-sac the outer integument has considerably grown above it while 
the obturator has protruded down to reach the nucellar tip which 
_is also seen’to have formed a beaked structure, 
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Text-Fics. 1-8. L.S. showing structure and development of ovule. Fig. 1. L.S, 
ovary showing ovular-initial, x 141. Fig. 2. L.S. ovule with differentiated outer 
and inner integuments, x 240. Tig. 3. L.S. ovule with binucleate embryo-sac. 
Note the nucellar beak and levcls cf the two integements, x 141. Fig. 4. LS. 
ovule at mature embryo-sac stage. Note the contact of the obturator and the nucellar 
beak, x 69. Fig. 5. L.S. integuments in the region of micropyle, x 312, 
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Fig. 6. Enlarged view of basal portion of integuments as marked ‘a’ in Fig. 4, 
x 318. Fig. 7. L.S. basal portion of ovule. Note the tendency of vascular supply 
entering the base of the inner integument only, x 141. Fig. 8. An enlarged portion 
of the obturator from Fig. 4. Note elongated epidermal cells, x 315. 


’ (ep, inner epidermal cells of the outer integument; iep’, inner epidermis of the 
inner integument; ii, inner integument; n, nucellus; nb, nucellar beak; 0b, 
obturator ; oep, outer epidermal cells of the outer integument; oep', outer epidermis 
of the inner integument; oi, outer integument; ys, vascular supply.) 


The major part of the outer integument consists of four to six layers 
of cells, the tip of the integument is, however, more massive. The inner 
integument on the other hand is broader at the base and possesses 
8-10 layers of cells in this region while there are 4-6 layers of cells at 
the tip (Text-Figs. 5, 6). The inner and outer epidermal cells of the 
inner integument and the inner epidermal cells of the outer integument 
are more densely stained than the rest (Text-Fig. 5) as found in Acalypha 
rhomboidea (Landes, 1946). The mesophyll cells of both the integuments 
are polygonal and parenchymatous with a lining layer of cytoplasm. 


The nucellus, which becomes massive due to division of the epi- 
dermal cells, extends beyond the integuments at the binucleate embryo- 
sac stage. At the mature embryo-sac stage, because of the active 
growth of the integuments, the nucellar beak is found more or less only 
up to the level of the inner integument (Text-Fig. 4). 


The obturator, a placental outgrowth, is fully developed and its 
tip touches the nucellar beak (Text-Fig. 4). The epidermal cells of the 
obturator are elongated and finger-shaped, with granular contents 
(Text-Fig. 8) as described in Euphorbia hirta by Kajale and Rao (1943). 
Rest of the cells form a more or less compact mass. 


An important feature is the presence of a hypostase at the base 
of the nucellus which is not very distinct before fertilization but becomes 
well differentiated during seed development (Text-Fig. 10) as reported 
in Euphorbia hirta by Kajale (1954). 


The vascular supply of the ovule passes down through the raphe 
and terminates at the base of the hypostase. In some cases it shows the 
tendency of entering only the base of the inner integument (Text-Fig. 7). 
It never extends to the free part of the nucellus, as is the case in 
Euphorbia maculata (Landes, 1946). The mature ovule is pendulous, 


bitegmic and anatropous. 


The series of changes taking place in the ovule in the post-fertiliza- 
tion stages are described as follows :-— 


THE EMBRYO AND ENDOSPERM 


The development of embryo starts soon after three to four divisions 
of endosperm nuclei have taken place and the first division of the zygote 
is transverse as in most members of the Euphorbiacee. The embryo, 
at maturity possesses two cotyledons, a stem tip, hypocotyl-root axis 


106 SANKATHA PRASAD SINGH 


and root cap. By the time the zygote divides the endosperm, forms 
a free nuclear structure formed of a number of nuclei forming the lining 
layer of the embryo-sac. Generally it is seen that the number of free 
nuclei at this stage is 12-16 only (Text-Fig. 9). 


Simultaneously with the development of the embryo and endosperm, 
the nucellus shows certain changes. Its cells enlarge and become vacuo- 
late. Most of them, excepting some at the embryonal end are crushed 
as the seed develops and are finally absorbed by the developing embryo 
and endosperm leaving a very few cells (Text-Fig. 10). 


TexT-Fics. 9-14. Showing development of endosperm and see i 
L.S. showing bicelled proembryo and free nuclear sbiloRperee: x iis Pies i a3 4 
young seed, x 25, Fig. 11. L.S. showing inner epidermal cells of outer integu- 
ment, outer epidermal cells of inner integument and some hypodermal cells, x 200 
Fig. 12. Older stage of Fig. 11. Mark the thickened inner epidermal cells of outer 
integument and disintegrated hypodermal cells of inner integument, x 338 
Fig. 13, Inner epidermal cells of inner integument with hypodermal cells Note 
Ry eget strips sip gece dopa 1 Vk x 200. Fig. 14. L.S. showing outer integu 
ment with a part of outer epidermis of inner integument. e ; 
in the outer epidermis of outer integument, x 338. ee Soke poe 


(bp, bicelled proembryo; d, dome-shaped cells; dh, disintegr is; 
em, embryo; en, endosperm; h, hypodermis; hp, hypustises hee pti eat 
mis of the outer integument; iep', inner epidermal cells of the inner intauaeente 
nr, nucellar remains; oep, outer epidermal cells of the outer integument; cep". 
outer epidermis of the inner integument; oi, outer integument; vs, vascular mEpyS 
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INNER INTEGUMENT 


The first change, in the inner integument, is the radial elongation of 
the outer epidermal cells which become palisade-like (Text-Fig. 11). In 
later stages of development these palisade cells become highly sclerosed. 
These macrosclereids are obliquely oriented with the narrower sides 
facing the endosperm (Text-Fig. 11), a feature also present in Euphorbia 
hirta (Kajale, 1954), Ricinus communis (Singh, 1954) and Acalypha indica 
(Johri and Kapil, 1953). In the mature seed this layer forms the charac- 
teristic stony brown coat, also reported in other members of the family 
(Netolitzky, 1926; Johri and Kapil, 1953). The cells of this layer are 
longer at the embryonal end than those at other places. This layer 
remains discontinuous at the chalazal side through which the single 
vascular strand enters the chalaza (Text-Fig. 10). The cells lying between 
the two epidermal layers of the inner integument enlarge and lose their 
contents (Text-Fig. 13). They finally disintegrate along with the inner 
epidermis. Only some disintegrated remains of these tissues form 
the innermost part of the seedcoat (Text-Fig. 12). 


OUTER INTEGUMENT 


As described earlier the outer integument consists of four to six 
layers of cells for the most part. Its outer epidermal cells elongate 
tangentially soon after fertilization and majority of them increase in 
size all-round and a few of these acquire a dome-shaped appearance 
‘as seen in E. hirta (Kajale, 1954). 


_ The inner epidermal cells also become broadened and persist with 
centrally placed nucleus in the mature seed. Their inner tangential walls 
and the basal part of their radial walls get thickened (Text-Figs. 12 and 
14). The mesophyll cells lose their contents and are ultimately crushed. 


THE MATURE SEED 


The mature seed is top-shaped and brown in colour. Its outermost 
covering is formed of a warty layer derived from the outer epidermis 
of the outer integument. This is followed by the crushed cells of the 
mesophyll within which is situated the inner epidermal cells, having 
their inner tangential walls as well as the bases of the radial walls 
thickened. Thus these three tissues, the outer epidermis, the mesophyll 
cell layers and the inner epidermis of the outer integument form the 
outer seedcoat. 


The inner seedcoat, formed of the inner integument only, is differ- 
entiated into two parts, the outer formed of a palisade sclerenchy- 
matous layer brown in colour, while the inner is formed of the crushed 
remains of the inner integument. In the region of the chalaza some 
crushed cells of the chalaza and of hypostase also join the inner seed- 
coat whose vascular supply persists in a‘more or less crushed condition. 


The cells of endosperm which are full of food reserves occupy the 
greater part of the mature seed, 
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The embryo is thin and elongate, it occupies the centre of the seed 
and shows a well marked root cap and the two cotyledons. The vas- 
cular supply of the embryo consists of procambial cells only. 


SUMMARY 


The ovules are anatropous and bitegmic. The outer integument 
arises first. 


The nucellar beak reaches up to the tip only of the inner integument. 


The vascular supply of the ovule terminates at the base of the inner 
integument and does not extend to the free part of the nucellus. 


The embryo occupies the whole length in middle of the seed and 
is surrounded by well developed endosperm. 


An important feature is the presence of hypostase which persists 
in the mature seed more or less in crushed condition. 


The seedcoat is formed of two parts, an inner and an outer. The 
inner seedcoat is derived from the inner integument while the outer 
seedcoat is formed of the outer integument and consists of dome- 
shaped outer epidermal cells, crushed cells of mesophyll and the inner 
epidermal cells with thickening. 
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(Received for publication on August 18, 1958) 


In this paper a limnological apparatus has been described which has 
proved quite useful in obtaining samples from the deeper strata of Jake 
water and of the bottom mud and is successfully being used for deep 
water sampling of the Hussain Sagar Lake, Hyderabad-Dn. It is based 
primarily on the principle of Hale’s water collection device described 
by Welch (1948) and Dickinson (1945), but the addition of thermos 
flasks and mud samplers makes it altogether a new apparatus with much 
wider range of utility, 


The main body of the apparatus (Text-Fig. 1 A) consists of a brass 
container (c) which is about 8-5” in diameter and 4” in height. This 
being large enough to accommodate about three litres of water and 
fitted with a short inlet (in) and a long outlet (of) tubes, serves as the 
reservoir bottle of the original Hale’s apparatus. Enough quantity of 
lead, to form about one inch thick base at the bottom of the container, 
is added to make it heavy. It is also provided with a tap (ft) to drain 
off water. 


At the top of the container there is enough space to accommodate 
two wide-mouthed, hard-glass bottles, each of about 600 ml. capacity 
(saline bottles used in hospitals are ideal for this purpose) and two 
thermos flasks, one smaller than the other of 200 ml. and 500 ml. capa- 
cities respectively. The bottles and the thermos flasks loosely fit into 
round metallic collars (co) provided on the lid of the container. The 
bottles -have specially designed brass stoppers, which are more. or less 
T-shaped in vertical section (Text-Fig. 1 C). There are two hooks (hk) 
fitted to the horizontal arm of the stopper and two metallic tubes pass 
through its stem. The stem is covered with a short length of soft rubber 
tubing and this helps it to fit into the neck of the bottle. The Jonger of the 
two brass tubes with its plastic tubing (pt) serves as an inlet for the water 
while the shorter one is an outlet. The sturdy springs (sp) stretched 
in between the hooks attached to the stoppers and the similar ones pro- 
vided at the rim of the metallic collars (co) keep the bottles and their 
stoppers in vertical position. A similar device but with polythene 
stoppers in place of metallic ones and brass rings, fitted with hooks for 
the springs, keep the thermos flasks in the desired position, 
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Text-Fic, 1. A. Diagram of the apparatus. 
B. Polythene stopper fitted with a U-tube containing the cooling 
mixture. 
C. Vertical section of the metallic stopper. 
a., inlet of the small thermos flask; 5, and 2, hard-glass bottles; c¢, container; 
ch, chain; co, metallic collar ; hk, hook; in, inlet of the container; of, outlet of the 
container; pt, plastic tube; r, metallic receptacle; rb, rubber tube round the stem 


of the metallic stopper; rd, metallic rod; sc, sliding cover; sp, spring; ft, tap; 
t, and fg, thermos flasks. 


Arrows indicate the direction of the flow of water through the whole system, as: 
the apparatus is lowered into water. 


The hard-glass bottles and the thermos flasks are coupled together: 
in series, i.e., the outlet of one is joined to the inlet of the other with 
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a plastic tubing. The outlet of the last bottle in series (b,) i 

to the inlet tube (im) of the container. Thus, as soon i‘ ie aera 
is put under water, the water enters first into the thermos flask 1 

through the tube a, displacing the air which after passing through all 
the bottles and the container escapes by the outlet tube ot. After the 
thermos 7, is completely filled up, water enters the bottle 5,. When this 
is completely filled up, it enters the thermos ¢, and lastly the bottle b, 

Since the outlet tube of b, is connected to the inlet in, the water starts 
entering into the container soon after all the sample bottles are com- 
pletely filled up and during this process the bottles and the thermoses 
have to overflow several times. The overflowing of bottles and ther- 
moses continues till the container is completely filled, after which no 
water can enter into the system. Thus, when the apparatus is lowered 
below the water surface with the help of three chains (only two of them 
are partly shown in the figure), water starts entering into the thermos 4, 
at different positions above the desired sampling level. But as soon 
as it reaches the required depth, the water of that level starts entering 
into the thermos ¢,, replacing the water already accumulated in it during 
its downward journey. The flow of water, in the direction explained 
above, goes on through the assembly of bottles for several minutes 
at the desired level. During this, as has already been indicated, the 
bottles and the thermos flasks have overflowed several times. From 
the capacities of the thermos flasks, bottles and the container given 
earlier, one may easily calculate that the thermos ¢, overflows more 
than 20 times, bottle b, seven times, thermos f, six times and bottle 5, 
five times, before the whole system is completely filled with water. Thus 
the water, that enters into the system during the downward journey 
of the apparatus, gets undoubtedly displaced and the final sample is 
not affected by water of the other levels. Once the system is com- 
pletely filled with water, no water can further enter into it while the 
apparatus is being pulled back to the surface. 


As soon as the sampling of a particular level of water is over and 
the apparatus is brought back to the surface, the bottles, thermos flasks 
and the container are disconnected by taking out their plastic joints, 
without disturbing their stoppers. First the stopper of the small 
thermos flask (t,) is taken out and replaced with another polythene 
stopper fitted with a thermometer, and the temperature is noted. This 
gives a reasonably accurate reading of the temperature of water of that 
particular level, since no appreciable change in temperature can be 
expected to take place within such a short time in the thermos flask. 
The required amounts of sulphuric acid and permanganate solutions, 
necessary for the estimation of dissolved oxygen by the modified Winkler 
method (Welch, 1948), are then added to this thermos and the sample 
is kept aside for further experimentation. 


For the purpose of obtaining accurate analytical results it is almost 
essential that the sample to be used for the estimation of dissolved gases 
should not get exposed to the atmospheric gases and to the higher 
temperature at any stage of its collection and transportation. The 
sample in the bigger thermos flask (f,) is meant for these estimations. The 
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following simple device to guard it still further against the higher summer 
temperatures is followed in this laboratory. A two-holed polythene 
stopper, fitted with a U-tube (Text-Fig. 1 B) containing dry ammo- 
nium chloride, is kept ready at hand. Soon after the sample is taken, 
the metallic stopper of the bigger thermos (f,) is replaced by the poly- 
thene stopper with U-tube. A few drops of water are added to both 
the arms of the U-tubes, the open ends of which are afterwards plugged 
with dry cotton. The ammonium chloride and water serve as a cooling 
mixture and lower the temperature of water sample inside the thermos 
flask. 


The sample of water in bottle 5, is preserved for the estimation 
of other chemical factors, while that in the bottle 5, is treated as an 
extra, to be used only in the case of emergency. 


The container (c) is also provided with four screwed bars attached 
to its bottom (not shown in figure), to which four small soil samplers 
(only two shown in the figure) can be fitted when required. These are 
conical brass receptacles (r) and are provided with aluminium covers 
(sc). The covers can slide on vertical metallic rods (rd). As the appa- 
ratus touches the bottom of the lake, the receptacles sink into the mud 
under the heavy weight of the container and the assembly of bottles. 
When the apparatus is pulled back to the surface, the receptacles come 
packed up with bottom mud, Due to the hydrostatic pressure working 
in different directions, the sliding covers leave the receptacles open dur- 
ing the downward journey of the apparatus while they cover them on 
its upward journey. This saves the soil samples from being leached 
by water when the apparatus is brought back to the surface. 


PRECAUTIONS 


_ To obtain trustworthy samples through this apparatus, the folldw- 
ing two precautions are to be strictly undertaken. Firstly the top of 
the outlet tube (ot) of the container should be at considerably higher 
level than the top of the inlet (a) of the smaller thermos flask. This 
insures sufficient difference of hydrostatic pressure at these levels, which 
is essential for the accurate working of the system. As the apparatus 
is being lowered in water and is still visible, the operator must stop for 
a moment to see that the air is smoothly coming out through the outlet 
tube (of) which indicates the flow of water through the whole system in 
the desired direction. Secondly the time required for the filling of the 
apparatus must be determined in the laboratory by immersing it in a 
big cistern or a water tank. In the field the apparatus should be left 
at the desired level for the time interval already determined plus a certain 
amount of additional time as a margin of safety. 


ADVANTAGES 


1. The apparatus has a low cost of construction and has a lon 
life if handled with care, Breakable parts are only the bottles andthe 
thermos flasks which are always available in the market. 
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2. Since the sample of water itself gets divided into four sub- 
samples at the sampling level, the estimation of different chemical fac- 
tors becomes much more easy. In fact the sub-samples can be pre- 
served in their original condition since they do not come in contact 
with atmosphere except for a very slight interval required for the replace- 
ment of the stoppers. 


3. In case reversing thermometer is not available, reliable readings 
of water temperature, quite suitable for the routine limnological work, 
can be taken with the help of this arrangement. 


LIMITATIONS 


1. Thermos flasks cannot be used in very deep lakes, as they may 
break under high hydrostatic pressure. If the apparatus is to be used 
for deeper lakes, these may be replaced by ordinary glass bottles, well 
insulated with woollen pads. However, thermoses have been used upto 
50 feet deep sampling without any damage to the flasks. 


2. The apparatus is unsuitable for operation from a moving boat. 
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INTRODUCTION 


RECENT works show that some members of the blue-green alge are 
powerful nitrogen fixers (De, 1939; Singh, 1942; Fogg, 1947, 1951, 
1952; Watanabe er al., 1951). Watanabe er al. (1951) observed an 
increase of about 20 lbs. of nitrogen per acre of soil inoculated with 
Tolypothrix tenuis Kitz. The present investigation was carried out 
with a species of Cylindrospermum, which has not hitherto been exa- 
mined from this point of view. During an exploratory study of the 
soil alge of the cultivated and uncultivated soils inside the Indian Agri- 
cultural Research Institute grounds, it was observed that Cylindrosper- 
mum Sspherica Prasad came up abundantly in all the soil samples from 
the cultivated fields. The chemical analyses of the soil samples, in 
which the alga came up, are given in Table I. 


TABLE I 


Chemical analyses of the soil samples 


ec Total rs a 
pH Organic organic Exchangeable Total 
carbon matter calcium nitrogen 


7+8-8 +3 0:28-0:54 0-4588-0-9858 3-0-8 +2 0-008-0-07 


MATERIALS AND METHODS 


__ (a) Isolation of the alga.—A little amount of the soil was inoculated 
into 250 m!. Erlnmeyer flasks containing sterilized Erdschreiber soil 
solution and the flasks were allowed to stand in diffused light for about 
a fortnight. Many blue-green and green alge made their appearance 
on the walls of the containers and Cvlindrospermum was found growing 
as a blue-green scum on the surface of the soil. From such raw cultures, 
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transfers were made to fresh sterilized Erdschreiber media. Later, 
repeated subcultures were made on 2% Erdschreiber agar plates till a 
unialgal population was obtained. For further use repeated cultures 
were made on silica gel plates enriched by Fogg’s medium. 


The silica gel plates were made by mixing equal volumes of HCl 
(sp. gr. 1-1) and potassium silicate solution. After the formation of 
the gel, the petri dishes were washed thoroughly in running water and 
then in sterilized pyrex glass distilled water. Each plate was impregnated 
with few c.cs. of Fogg’s medium (double concentration). The silica 
plates were gradually sterilized ina steam-bath. 


Bacteria-free cultures were made by the following procedure mainly 
based on the description of Bortels (1940). The material was irradiated 
by ultraviolet raysyfrom a Hanovia mercury vapour Jamp (A = 2500 A) 
from a disiance of about 3 feet. Bacteria-free cultures were obtained 
in the flasks which were illuminated for 2 minutes. The lack of copious 
mucilage around the trichomes greatly facilitated the elimination of the 
bacteria quickly. Bacterial tests were made in the sucrose-nitrate-soil- 
extract liquid medium and sucrose-nitrate-soil-extract agar (De, 1939) 
and the turbidity in liquid cultures and the growth of colonies in the 
solid media were taken as the criteria to determine the bacterial contami- 
nation. 


(b) Culture methods.—Fogg’s modified De’s solution (Fogg, 1942} 
was used throughout the investigation. The medium was further modi- 
fied by replacing ferric chloride by ethylene-diamine-tetra acetic acid 
(EDTA) and the composition of the modified medium is as follows: 


Potassium monohydrogen orthophosphate .. 0-2 gm. 
Magnesium sulphate | HS as a 0-2 3m. 
Calcium chloride .. dees ook. hee 0-2 enn 
Potassium molybdate he i .. 0°25 mgm. 
EDTA (1 mg./I ml.) a , | 
Pyrex glass distilled water Nee S523 5"4.000 ml. 


The medium was sterilized at 14 atm. for 15 minutes and allowed to 
stand overnight before inoculation. The pH of the medium was ad- 
justed to 7-5. Allcultures were kept in diffused light near-a north-east 
window. -— ease ke bette RES ee 

(c) Chemical Methods.—Total nitrogen was estimated by the con- 
ventional micro-Kjeldah] method. Since the material was grown in 
liquid nitrogen-free medium, this method is not open to question 
(Wilson, 1952). AJI estimations were done in triplicate series at an 
interval of 10 days and blank determinations were carried out side by 


side. 
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RESULTS 
The results of the analyses of the cultures grown in nitrogen-free 
medium are shown in Table II. It is seen that there is a steady increase 


in the total nitrogen and the maximum N-fixation takes place between 
35-55 days. 


TABLE II 


Amount of nitrogen fixed by Cylindrospermum spherica in 
nitrogen-free medium 


(75 ml. nitrogen-free medium per flask. Nitrogen in mgs.) 


Age in days Total nitrogen* 
Control 
15 0-45 
rae 0-98 
35 1-68 
45 2°52 
55 3-92 


* Average per flask based on three flasks. 


Periodic estimations were done to follow the changes produced 
by this alga in the presence of combined nitrogen. The material was 
grown in Erdschreiber soi] solution containing 0-7 mg. tota] nitrogen. 
Total nitrogen, nitrogen in the alga and the total nitrogen in the medium 
were determined at an interva] of 10 days and the results are shown 
in Table III and Graph |. Nitrogen fixation takes place from 35-55 
days by which time the total nitrogen in the medium has dropped to 
0-1 mg. The amount of nitrogen fixed by 55 days old material, both 
? N-free medium and in the one provided with nitrogen, was nearly 

e same. 
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TABLE III 


Nitrogen fixation by Cylindrospermum spherica in the solution 
provided with available combined nitrogen 


(Nitrogen in mgs.) 


SSS 


Age of SN Deviation Total N 
the in the Total N of total N in the 
culture alga from control medium 
Control ae ae 0°70 Ae 0-70 
0°75 5 0:75 
0-80 e 0-80 
Means 0:75 ach 0:75 
15 days 0:36 0-56 —0-19 0:20 
0-25 0-50 —0-25 0:25 
0°37 0-57 —0:18 0:22 
Means > 0°32 0-54 —0-°21 0:22 
25 days ae 0:40 0-56 —0:19 0:16 
0-33 0-50 —0-25 0:17 
0-42 0-57 —0:-18 0°15 
Means 0-38 0-54 —0Q:-21 0:16 
35 days 0:84 0:98 +0:23 0-14 
0-79 0-89 +0:-14 0:10 
0-75 0:90 +0:15 0:15 
Means 0-79 0:92 +0-17 0:13 
45 days 1-82 1:96 +1:21 0:14 
1-85 1:95 +1-20 0:10 
1-87 1:95 +1-20 0:08 
Means 1-85 1:95 +1-20 0-10 
55 days 3°82 3:92 +3:17 0-10 
3-74 3-80 +3-05 0:06 
3-38 3-52 +2-:77 0-14 
Means 3-65 3°75 +3-00 0-10 
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GrapH 1. Showing N-fixation in the N-free medium and the changes produced 
in the medium provided with combined nitrogen. A, nitrogen fixation in the N-free 
medium; B, total nitrogen; C, nitrogen in the alga; and D, total nitrogen in the i 
medium, i 
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SUMMARY 


Cylindrospermum spherica, isolated from the cultivated soils, grows 
well in a N-free medium and is able to fix elementary nitrogen. So far 
three species of Cylindrospermum have been found capable of fixing 
nitrogen (Bortels, 1940; Singh, 1942). 
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STUDIES IN THE ORDER PIPERALES 


Ill. A Contribution to the Study of Floral Morphology of Some 
Species of Peperomia’* 


By Y. S. Murty 
School of Plant Morphology, Meerut 


(Received for publication on June 4, 1958) 


INTRODUCTION 


WirtH the discovery of a 16-nucleate embryo-sac in Peperomia pellucida 
by Campbell (1899), attention was diverted from taxonomy to mor- 
phology of this genus. In another communication Campbell (1901) 
emphasized some similarities between the female gametophyte of 
Gnetum and the 16-nucleate embryo-sac of Peperomia and considered 
the genus as primitive. In the following years, Johnson described in 
a series of papers (1900, 1902, 1905, 1907, 1914) the embryology of 
Peperomia as also of some other genera of the Piperales. In his first 
contribution he (Johnson, 1900) also reported a 16-nucleate embryo- 
sac for Peperomia but this account differed in some details from that 
of Campbell (1899). Subsequently, Brown (1908, 1910), Fisher (1914), 
Abele (1923, 1924), Fagerlind (1939) and Martinoli (1948) contributed 
to the knowledge of embryology of Peperomia. The main difference 
of opinion in their work was concerning the distribution of the 16-nuclei 
in the embryo-sac resulting in P. pellucida-type and P. hispidula-type, etc. 
Fagerlind (1939) was perhaps the first person to offer a satisfactory 
explanation of the various arrangements. He found some correlation 
between the arrangements of the nuclei in the embryo-sac and the shape 
of the embryo-sac which may be spherical or pear-shaped with a narrow 
micropylar end. Martinole (1948) further contributed to the variations 
in the embryo-sac of Peperomia maculosa and showed that in this species 
the embryo-sac does not follow any single sub-type of embryo-sac deve- 
lopment described in Peperomia. Johnson (1914), Abele (1923) and 
Hagerup (1934) also made a study of the development of gyneceum 


while Leinfellner (1953) gave a detailed account of the development of 
the bract in Peperomia. 


MATERIAL AND METHODS 


; The material studied here was mostly collected from the hot houses 
in U.S.A. and on the Continent by Prof. V. Puri who very kindly placed 


i * Based on a portion of a thesis accepted for a Ph.D. Degree of the Agra Univer- 
sity 
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it at my disposal. Material of P. sandersii, P. Prostrata, P. cniapa:s 
P. sp.4, P. Sp.o, P. sp., and P. sp., was collected and fixed by him from 
the Botanical Garden, Cornell University, Ithaca, N.Y., while that o1 
P. incana, P. blanda, P. fenzlei, P. rubella, P. magnoliefolia from Bergi- 
anska Botanical Garden, Stockholm, and that of P. fraseri from the 
Botanical Institute, Kiel, West Germany. Some preserved material 
of P. comarapana was obtained from Mr. A. Burkart of Buenos Aires. 
Some prepared slides and paraffin embedded material of P. metallica 
and P. peirescifolia were kindly sent by Dr. O. Hagerup. The other 
species were collected by the author from Dehra Dun (P. pellucida), 
Kodaikanal (P. reflexa) and Bangalore (P. argyreia and P. sandersii 
var. argyreia). 


After the usual dehydration and infiltration with xylol, the material 
was embedded in paraffin and serial transverse and longitudinal sec- 
tions 8-12 microns thick were cut. Various stain combinations, like 
crystal-violet-erythrosin; Safranin-fast green; [ron-Hematoxylin 
with picric acid and Iron-Hematoxylin with fast green were tried (Johan- 
sen, 1940). All of them gave satisfactory results. 


OBSERVATIONS 


Development of the bract——Numerous flowers are arranged spirally 
on the inflorescence axis being most crowded at the apex (Text-Fig. 1). 
Each flower is subtended by a peltate bract which is more or less uniform 
all the 20 species studied. Hence it will be described in detail in 
in P. pellucida and attention will be drawn to variations whenever neces- 
sary. 


For every bract a few hypodermal cells of the inflorescence axis 
elongate at right angles to the axis of the spike and push the epidermis 
out forming a hemispherical bulge (Text-Figs. 2 and 3). The central cell 
of this area is more conspicuous and divides periclinally to form a row 
of two cells (Text-Figs. 4-6). The uppermost cell of this row is the sub- 
marginal cell and this can be recognised clearly by its conspicuous size 
and central position (Text-Fig. 6). Increased anticlinal divisions and sub- 
sequent enlargement of cells in the basal part of this structure bring 
about a curvature of the lower region making the apex obliquely point- 
ing towards the tip of the spike (Text-Figs. 7 and 8). The sub-marginal 
cells and their products are responsible for the increase in thickness of the 
bract at this stage. Some of the cells below the upper epidermis, 
especially those near the base of the bract primordium (Text-Fig. 8), 
divide longitudinally and form the procambium of the bract. 


The increased activity of the lower epidermal cells at the base 
(Text-Figs. 9-11) coupled with the growth of mesophyll cells brings about 
a curvature on this side of the bract and as a result the vascular bundle 
appears to be excentrically placed (Text-Figs. 12 and 17). The zone of 
meristematic cells at the base has been designated by Troll (1932, 1939; 
see Leinfellner, 1953) as ‘cross-zone’. By dividing and enlarging, the 
cells in this region, contribute to some extent to the prolongation of 
the bract in the basal direction. Thus a fully developed bract is stalked, 
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TexT-Fics. 1-17, Fig. 1. Tip of the spike of P. rubella in L.S. showing tle 
arrangement of bracts. Fig. 2. Margin of young spike of P. pellucidain L.S. showing 
the stages of initiation of bract and flower. Figs. 3-8 and 10, P. pellucida. 
Fig. 9. P. argyreia. Fig. 11, P. blanda. Stages in development of bract. 
Fig. 12. Bract of P. reflexa cut in L.S, Note oil cell and yascular bundle, 
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Fig. 13. A part of the apex of the spike of P. metallica, in L.S. showing bracts in 
different stages. Note the long and narrow stalk. Fig. 14. Flower of P. fraseri 
in L.S. showing two receptive stigmas. Note the lower lobe of the shield of bract 
is much smaller than the upper. Fig. 15. Flower of P. sandersii var. argyreia in 
L.S._ Note the much longer and narrower lower lobe of the shield of bract and also 
the displacement of bract from the flower. Fig. 16. Flower of P. argyreia cut in 
L.S. showing the vascular supply even in the adaxial stigma. Note the bract and 
the axial tissue. Fig. 17. L.S. bract of P. blanda. Note the stoma in the centre 
of the shield and the upper ledges on the guard cells. 


ax, axial tissue; br, bract; ch, chalaza; D, Dorsal strand; ff, flower; hy, 
hydathode; oc, oil cell; St, stamen; st’, receptive stigma; Sr’, sterile stigma; y, 
ventral strand. 


Figs. 1, 3-10, 12 and 15, x 234; Fig. 2, x 360;. Figs. 11 and 17, x 495; 
Figs. 13 and 14, x 51; Fig. 16, x 54. 


The stalk is longer, narrower, and conspicuous in P. metallica (Text-Fig. 
13). Itis always peltate with a shield-like top. That part of the shield 
directed towards the apex of the spike is usually much longer than the 
lower. In P. fraseri the lower lobe is almost insignificant (Text-Fig. 14). 
However, the lower lobe is somewhat longer than the upper one in 
P. sandersii and thrice as long as the upper one in P. sandersii var. 
argyreia (Text-Fig. 15). The bract of P. sandersii var. argyreia has a com- 
paratively thinner shield than in P. sandersii. The two lobes are almost 
equal in P. comarapana and P. blanda. The bract that stands close to 
the flower in the earlier stages of flower development (Text-Fig. 1), in most 
of the species, separates apart in P. sangersii, P. sandersii var. argyreia 
and P. argyreia in the later stages probably due to the active inter- 
calary growth (Text-Figs. 15 and 16). When the flowers are crowded, the 
upper part of a bract generally covers the lower part of the bract just 
above (Text-Fig. 1). The shield covers the young flower more or less 
completely (Text-Figs. 1 and 39) but when the flower is mature it is 
hardly big enough to cover even half of the ovary and part of 
the stamens (Text-Figs. 14-16). 


Hydathodes (Text-Fig. 11) and oil cells (Text-Fig. 12) are commonly 
found in bracts and stomata are confined to the middle of the shield (Text- 
Fig. 17), The latter have guard cells with upper ledges and resemble those 
on leaves (Murty, 1958 a). The stalk of the bract which is 5-8 cells thick 
has a single vascular bundle traversing its upper half (Text-Figs. 12 and 
17). This bends towards the upper lobe within the shield. Trichomes 
have been observed in P. fraseri. The mesophyll of the bract is a few 
cells thick and the cells have plenty of chloroplasts and occasionally 
show intercellular spaces. 


The microsporangium and the male gametophyte.—The development 
of the microsporangium and the male gametophyte is uniform in all 
the twenty species studied. The two stamens of Peperomia pellucida 
arise laterally from the base of the ovary. To begin with they appear 
just as hemispherical protuberances, which later on grow and develop 
into a stamen each. 


The young anther is slightly lobed in cross-section. At two places 
en opposite sides some hypodermal cells become more prominent than 
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TEXT-Fics. 18-33. Figs, 18-23 and 25-27. P. pellucida, Figs. 18-20. T.S. of 
anthers showing the formation of wall layers. Fig. 21. Meiotic divisions in the 
microspore mother cells. Fig. 22, Decussate tetrad formation. Fig. 23. A tetra- 
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hedral tetrad of microspores. Fig. 24. Isobilateral tetrad of microspores of 
P. comarapana. Figs. 25 and 26. Pollen grairs attached to one another. 
Fig. 27. Division of microspore nucleus. Fig. 28. Microspore of P. reflexa show- 
ing division of generative nucleus. Fig. 29. Section of anther wall of P. comara- 
pana showing fibrous endothecium and degenerating tapetal cells. Fig. 30. A por- 
tion of anther in P. sandersii var. argyreia at the time of dehiscence. Note the fibrous 
endothecium and thin-walled cells at the place of dehiscence. Fig. 31-32. Abnormal 
double stamens of P. fraseri. Note fusion of anthers and bifurcation of bundle 
in the connective in Fig. 32 and two independent bundles in Fig.31. Fig. 33. Ab- 
normal double anther of P. fenzlei with four microsporangia. 


ep, epidermis; end, endothecium; M, middle layer; 7, tapetum. 


Figs. 18-20, 24, 28 and 29, x 742; Figs. 21-23 and 25-27, x 764: Fig. 30, 
x 81; Figs. 31-33, x 76. 


others. These are archesporial cells, which divide periclinally into outer 
primary parietal cells and inner primary sporogenous cells. The for- 
mer divide periclinally into an outer endothecium and an inner layer 
which again divides into an outer middle layer and an inner tapetum 
(Text-Figs. 18-20). All these layers also show anticlinal divisions. Thus 
the anther wall consists of four layers—epidermis, endothecium, middle 
layer and tapetum (Text-Fig. 20). In P. blanda, however, there are two 
middle layers instead of one. 


Each microsporangium has 2-4 layers of compactly arranged and 
deep staining microspore mother cells as seen in a transverse section 
(Text-Fig. 20). During the initiation of, meiosis an increase in the size of 
the microspore mother cells followed by vacuolation is evident (Text-Fig. 
21). Their nuclear divisions are generally typical and simultaneous. No 
definite wall is laid between the daughter nuclei of a dyad cell. After 
meiosis II wall formation occurs resulting in tetrads which may be iso- 
bilateral, decussate or tetrahedral (Text-Figs. 22-24). Usually the micro- 
spores separate immediately but occasionally in P. pellucida and P. 
sandersii the four microspores remain attached together in a linear row 
or otherwise for sometime by small connections (Text-Figs. 25 and 26). 
After separation such microspores show one or two small protuberances 
each indicating the places where they were formerly connected with 
other microspores. Kausik and Rao (1942) reported a more or less 
similar case in Halophila. Pollen grains about double the normal size 
have occasionally been found in some anthers of P. fraseri. 


After their separation, microspores become rounded in shape and 
the nucleus of each divides into two (Text-Figs. 25-27), a globular tube 
nucleus and a lens-shaped generative nucleus. The pollen grains are 
spherical with a thick brown exine marked by wart-like protrusions ‘and 
a thick and smooth intine. Somewhat thick and spinous exine is 
observed in P. sandersii and P. sandersii var. argyreia. The pollen grain 
is bicelled at the time of shedding but in some cases of P. reflexa the 
generative nucleus undergoes division while still within the anther sac 
(Text-Fig. 28). Thus the structure of the anther is uniform in all the 
species of Peperomia studied here and also agrees with the account 
given by Johnson (1914); Abele (1923, 1924); Erdtman (1952). 
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In a mature anther the epidermis persists and the endothecium 
develops a few fibrous thickenings on the tangential walls (Text-Fi g. 29). 
The middle layer which is very narrow is ephemeral and is soon crushed 
out by the developing fibrous endothecium and tapetum (Text-Figs. 29 
and 30). The tapetal cells are conspicuous with their dense cytoplasm 
and prominent large nuclei which, unlike the condition in many angio- 
sperms, do not undergo any division (Text-Figs. 20 and 30). As the 
anther matures, the tapetal cells lose contact with one another and finally 
show disintegration. The tapetum is thus glandular. At the time of 
dehiscence it may be visible as a faint narrow region representing 
degenerated cells. 


The dehiscence of the anther is longitudinal and occurs along the 
region where the septum that separates the two microsporangia joins 
the outer walls. The cells in this region are narrow and thin-walled 
(Text-Fig. 30). Later on the two microsporangia become confluent due 
to the disappearance of the partition wall, and open by a common 
longitudinal slit. 


Some stamens in P. fraseri bear two anthers. The filament is 
double the size of a normal one and showed two vascular bundles 
instead of the usual one reaching up to the base of the anther (Text-Fig. 
31). It shows that fusion has not affected the anthers. In another 
case of the same species the bundle bifurcates in the connective and the 
anther has four pollen sacs instead of the usual two (Text-Fig. 32). 
Such an abnormal anther with four microsporangia was also observed 
in P. fenzlei (Text-Fig. 33). These abnormal cases can be compared 
with those reported by Swamy and Bailey (1950) in Sarcandra. 


The gyneceum.—The development of the gyneceum is similar in 
all the twenty species studied. In P. pellucida it appears to initiate in 
the axil of a bract. The sub-epidermal cells in this region appear to 
elongate and form a bulge of the epidermal cells. This becomes con- 
vex and then after further growth becomes flat (Text-Fig. 34). By this 
time the gyneceum primordium consists of about six layers of cells cover- 
ed by the epidermis. A depression then appears at the flat apex and this 
deepens to form the ovarian cavity (Text-Figs. 35-41). After a while the 
central cells in the base of the ovarian cavity become more active and 
form a conical protuberance (Text-Figs. 37-39). This is the primordium 
of a young erect ovule which soon occupies the whole cavity of the ovary 
(Text-Figs. 40-41). The rim of the ovary wall which has now become 
4-5 layered grows upward and inward to enclose a narrow stylar canal. 
Though in the earliest stages the ovary wall grows almost equally on all 
sides, after a certain stage it develops more on the abaxial side where 
a receptive stigma is formed. The latter bears finger-like processes. 
As has already been pointed out (Murty, 1958 5) the adaxial side also 
may develop into a sterile thumb-like lobe in certain species (P. cniapas, 
P. blanda, P. fenzeli or into a beak-like structure P. magnolicfolia, 
P. argyreia (Text-Fig. 16), ete. Occasionally in P. comarapana, P. 


reflexa and P. fraseri (Text-Fig. 14) this lobe may also become 
receptive. arts 
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TextT-Fics. 34-52. Figs. 34-37 and 39-40. -P. pellucida. Fig. 38. P. comarapana. 
Fig. 41. P. sandersii, show the stages in the development of the gynaceum. Not 
‘in Fig. 41 the gynzceum is not yet closed and the young ovule is evident with the 
integument just initiating. Fig. 42. L.S. of flower of P. cniapas shewing bend in 
the ovule. Fig. 43. Very young ovule of P. pellucida showing the initiation of 
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integument. Fig. 44. An exceptional case of P. spy with two archesporial cells. 
Fig. 45. Shows the division of the archesporial cell in P. pellucida into the parietal 
cell and megaspore mother cell. Fig. 46. L.S. of ovule of P. comarapana showing 
the division of the nucleus of the parietal cell, and the developing integument. 
Fig. 47. L.S. of ovule of P. pellucida showing the formation of a Jayer of parietal 
cells and the 2-layered integument almost reaching the top of the nucellus. 
Fig. 48. P. fraseri. Note the parietal tissue above the megaspore mother cell and 
the concentration of cytoplasm on the top of the megaspore mother cell. 
Fig. 49. L.S. of young ovule of P. comarapana showing 2-layers of parietal tissue 
and the integument fully covering the nucellus leaving micropyle. Fig. 50. 

of young ovule of P. pellucida showing parietal tissue and megaspore mother cell. 
Fig. 51. Megaspore mother cell and 4 layers of parietal tissue in P. peirescifolia. 
Fig. 52. Shows 2-nucleate embryo-sac of P. comarapana in L.S. Note the increase 
in parietal tissue and ephemeral cell plate separating the two nuclei of embryo-sac. 


int, integument; mic, micropyle; mm, megaspore mother cell; pa, parietal 
cell; st’, receptive stigma; st”, sterile stigma; sty, stylar canal. 


Figs. 34-40 and 43, x 234; Fig. 42, x 150; Fig. 44, «510; Figs. 45-52, x 495. 


The megasporangium and the female gametophyte——In general, the 
»vule is erect and fills the whole cavity of the ovary (Text-Figs. 15 and 16) 
but in some species like P. cniapas (Text-Fig. 42) and P. sp., the ovule has 
a narrow base that looks like a stalk and is attached more towards the 
adaxial side of the base of the ovary making it to appear to be bent 
towards the abaxial side. The ovule primordium arising at the base 
of the ovary shows an annular outgrowth at its base that develops 
into a 2-layered integument (Text-Fig. 43). 


A single archesporial initial becomes distinguishable in the apical 
region of the nucellus by its large size and densely staining cytoplasm 
even before the initiation of the integument (Text-Fig. 40). Two arches- 
porial cells similar to those reported by Johnson (1914) in P. hispidula have 
been observed in one instance in P. sp.4 (Text-Fig. 44). The archesporial 
cell divides into an outer smaller wall cell and an inner sporogenous 
cell that functions as the megaspore mother cell (Text-Fig. 45). The 
integument by this time has grown half-way up to the apex of the 
nucellus. The primary parietal cell soon divides (Text-Fig. 46). By this 
time the integument must have reached the top of the nucellus (Text-Fig. 
47). Due to further periclinal and anticlinal divisions, a parietal tissue 
of 3-4 (Text-Figs. 48-51) or 5 (P. comarapana) (Text-Fig. 52) layers is 
formed. The integument which becomes 3-4 layers overgrows the 
nucellus and covers it leaving a narrow micropyle (Text-Fig. 49) by 
the time the parietal tissue becomes 2-3-layered. 


_ The megaspore mother cell is very conspicuous with uniformly 
distributed dense cytoplasm that takes a deep-stain (Text-Figs. 49-51). 
Comparatively dense cytoplasm has been observed on the micropylar side 
of the megaspore mother cell of P. fraseri (Text-Fig. 48). The nucleus of 
the megaspore mother cell then divides into two (Text-Figs. 52-55). No 
cell plate formation has been observed during this division in P. pellu- 
cida although Brown (1908) reported a temporary one. However, an 
evanescent cell plate has been observed after the first division of the 
nucleus in P. comarapana (Text-Fig. 56), P. reflexa (Text-Fig, 57); 2: 
fraseri, P. blanda and P. fenzlei. Fisher(1914) also reported such a cell plate 
qn P. reflexa, P. fraseri and P. blanda. These two nuclei further divide 
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ivisi n i ls in P. freseri 
TEXT-Fics. 53-68. Figs. 53 and 54. Division of megaspore mother a sin. P. -freseri 


and P. pellucida, Fig. 55. 2-nucleate embryo-sac of P. fraseri. Fig. 
9 


6. 2-nuclegte 


130 Y, S. MURTY 


embryo-sac of P. comarapana with ephemeral cell wall. Fig. 57. 2-nucleate emtryo- 
sac of P. reflexa with ephemeral cell wall. Note ore of them is in division. 
Fig. 58. Both the nuclei of the embryo-sac of P. blanda are in a state of division. 
Figs. 59, 60a and 605. 4-nucleate embryo-sacs cf P. blanda with epl.emeral cell 
wall. Fig. 61. 4-nucleate embryo-sacs cf F. pellucida sl .cwir g tetral.edrel arrar ge- 
ment of the nuclei. Fig. 62. Embryo-sac of P. fenz/ei sl.cwir g ‘T’-shaped arrar ge- 
ment of nuclei. Figs. 63 and 64. Embryo-sac of P. comarapana ard P. fenzlei 
showing inverted ‘T’-shaped arrangement of nuclei. Figs. 65aard655.  4-nucleate 
embryo-sac of P. pellucida. Fig. 66. P. fraseriard Fig. 67. P. fenzlei showing 
arrangement of 8 nuclei in the embryo-sac. Figs. 68 a and b. All the 8 nuclei of 
the embryo-sac of P. fraseri are seen in a state of division. 


Fig. 57, <x 765; and rest of the figures, x 742. 


making the megaspore mother cell 4-nucleate (Text-Fig. 58). Evanescent 
wall formation has also been observed at the 4-nucleate stage in P. 
blan“a (Text. Figs. 59, 60 a and 60 5). With the completion of the meiotic 
divisions the four nuclei representing the 4 megaspores arrange them- 
selves tetrahedrally (1ext- Fig. 61). T-shaped (Vext-Fig. 62) inverted *T’- 
shaped (Text-Figs. 63 and 64) and isobilateral (Text- Figs. 65 a and 5) types 
also occur. Due to the formation of a central vacuole the four mega- 
spore nuclei migrate to the periphery and occupy the four corners of the 
embryo sac. This 4-nucleate embryo. sac has been described as cceno- 
megaspore by Fagerlind (1939). All these four nuclei divide to form eight 
nuclei (Text-Figs. 66, 67, 69 and 70) that are scattered in the peripheral 
cytoplasm. Their initial arrangement somewhat depends upon the ar- 
rangement of nulei at the 4-nucleate stage. No cell plates have been 
observed during these divisions. Another division results in the forma- 
tion of a characteristic 16-nucleate embryo-sac (Text-Figs. 68 a, b, 71 a, 
b and 72a, b). 


The organisation of the mature embryo-sac varies somewhat. 
Even the 8-nucleate embryo sac may show some variation in so far as 
there may be two or three nuclei at the micropylar end. At maturity the 
egg apparatus consists of one large egg cell and one synergid (ex.-Figs. 
72a, b). Two synergids have occasionally been observed in P. pellu- 
ci a (Text-Figs. 73, 74 and 78), P. reflexa, P. comarapana and P. blanda 
(Text-Fig. 755) making the egg apparatus 3-celled. Variation in the 
number of synergids has also been reported by Fagerlind (1939) but 
earlier workers (e.g., Campbell, 1899, 1900 and Johnson, 1900, 1902) 
had differed on this point. The number of laterals (antipodals) and 
the number of polar nuclei show some variation. The laterals may be 4 
(Text-Fig;. 75 a, b) or 5 (Yext- Fig. 74) or 6 (Text Figs. 72 a, b) resulting 
in corresponding variation in the number of peripheral nuclei. Occasional- 
ly nine polars have been observed in P. blanda (Text-Fig. 75 a). As usual, 
walls are Jaid down around the nuclei of the egg, the synergids and of the 
laterals. The peripheral saucer-shaped cells or laterals (antipodals) de- 
generate finally while the polar nuclei become grouped together about 
the centre of the embryo-sac and fuse to form a primary endosperm 
nucleus which shows a number of nucleoli. In quite a few cases in P. 
reflexa some of the laterals showed two nuclei of equal size (Text-Fig. 76). 
The laterals (antipodals) were seen to be quite conspicuous in a few 
gases of P. reflexa and in one embryo-sac they were so big, as to 
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TEXT-Fics. 69-78. Fig. 69. P. pellucida Fig. 70. P. reflexa—embryo-sacs showing 
arrangement of 8 nuclei. Figs. 71a and b. 16-nucleate embryo-sacs of P. incana 
showing the distribution of nuclei. Figs. 72a and b. 16-nucleate embryo-sac of 
P. comarapana. Note 1 synergid, 1 egg. 6 laterals ard 8 polars. Two of the polars 
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are double the size of others in Fig. 72a. Fig. 73. Embryo-sac of P. pellucida show- 
ing egg apparatus of 3 cells. Fig. 74. 16-nucleate embryo-sac of P. pellucida show- 
ing two synergids, 1 egg, 5 laterals and 8 polars. Ncte the male nucleus by 
the side of the egg nucleus. Figs. 75a and b. 16-nucleate embryo-sac of P. blanda 
with egg apparatus of 3 cells, 4 laterals and 9 polars. Note the male nucleus in the 
egg cell, pollen tube on the top of the embryo-sac and increase in the number of 
nucleoli of some of the polars. Fig. 76. Embryo-sac of P. reflexa showing the 
fusion of male and egg nuclei. Figs. 77a, b and c. Serial sections of an abnormal 
embryo-sac of P. reflexa where some of the laterals lock like additional egg apparatus. 
Fig. 78. Embryo-sac of P. pellucida showing egg apparatus with 3 cells. Note the 
pollen tube. 


anti, lateral (antipodal); pt, pollen tube; sy, synergid. 
Fig. 70, x 510 and rest of the figures, « 495. 


resemble an egg apparatus with three cells (Text-Figs. 77a, 6, c). This 
embryo-sac showed a peculiar arrangement of the six nuclei. As 
usual there is one synergid, one egg and six polars. The rest of the cight 
nuclei are arranged laterally in three groups. Two of them have three cells 
each and the third one has two cells. These lateral cells are quite conspicu- 
ous and give the appearance of an egg apparatus. Some polar nuclei, 
double the size of the normal, have been observed in some cases of 
P. comarapana, etc. (Text-Fig. 72a). A feature worthy of note in P. 
blanda is the increase in the number of nucleoli in some of the nuclei of 
embryo sac (Tex!-Figs. 60 a, b; 75a). It has been observed that the 
embryo-sacs after 8-nucleate stage show shrinking and the ovules were 
found to abort in a number of species like P. cniapas, P. sandersii, P. 
san-ersii var. argyreia, P. argyreia and P. sp. Apparently the 
embryo-sacs show widespread degeneration after this stage. In other 
species the material being very young, no stage beyond megaspore 
mother cell (P. rubella, P. prostrata) or 4-nucleate embryo-sac (P. 
peirescifolia, P. sp., and P.sp..) could be observed. 


Fertilization—Remains of pollen tubes have been observed on 
the top of the embryo sac, i.e., on the micropylar side in P. pellucida 
(Text-Fig. 78), P. comarapana and P. blanda (Text-Fig. 755). They 
appear to traverse through the tissue of the receptive stigma and not 
through the stylar canal. Male nucleus to begin with is smaller than the 
egg nucleus (Text-Fig. 755) but at the time of fusion it appears to be 
almost equal to it. Brown (1910) described in great detail the exchange 
of material between the nucleus and cytoplasm in Peperomia sintenisii 
at the time of syngamy. He described that both the male and female 
nuclei come to have cup shaped depressions on the sides facing each 
other. This stage has been seen in P. reflexa (Tcxt-Figs. 76 and 79). 
After fertilization the nucleoli of the two nuclei are visible in the ferti- 
lized egg (Text-Fig. 80) for some time. 


_Post-fertilization changes.—The first division of zygote is longi- 
tudinal or parallel to the long axis of the ovule. The second division 
also appears to be longitudinal but at right angles to the first one and 
this is followed by transverse division as in P. reflexa (Text-Figs. 82a, b). 
Johnson (1902, 1914), Fisher (1914), and Fagerlind (1939) described 
many celled undifferentiated embryo. The primary endosperm nucleus 
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Text-Fics. 79-88. Fig. 79. Embryo-sac of P. reflexa. Note the. egg and 
male nuclei which are of almost equal size and the two large endosperm cells. 
Fig. 80. Embryo-sac of P. pellucida showing the male and female nuclei inside the 
egg. Fig. 81. Embryo-sac of P. refiexa showing endosperm nucleus in division. 
Note numerous chromosomes. Figs. 82 4 and b. Embryo-sac of P. refiexa showing 
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young embryo and numerous endosperm cells. Fig. 83. Perisperm cells of 
P. refiexa. Note starch grains inside these cells. Figs. 84 and 85. P. pellucida 
ovary wall. Fig. 86. P. reflexa shows the integument and perisperm. Fig. 87. 
L.S. of young ovary wall and integument of P. pellucida. Fig. 88. Part of ovary 
wall of P. pellucida showing oil cell and hydathode. 

E, embryo; end, endosperm; Ay, hydathode; ii, inner Jayer of integument; 
int, integument; oc, oil cell; ci, outer layer of integument; ov, ovary wall; P, 
Perisperm. 


Figs. 79-83 and 86, x 495; Figs. 84-85 and 88, x 234; Fig. 87, x 39. 


which is the fusion product of several polar nuclei, generally 8, is very 
big in size and has many nucleoli. No male nucleus was seen fusing 
with this nucleus. Even those who worked previously did not observe 
triple fusion. With the formation of cell plates after every division it 
results in a cellular endosperm with over 25 cells that are uninucleate 
but multinucleolate (Text-Figs. 82a, b). The first cell plate is formed 
parallel to the long axis of the ovule (1ext-Fig. 79). Huge number of 
chromosomes are seen during the free division of the endosperm 
nucleus (Text-Fig. 81) thus confirming (Johnson, 1914) that the nucleus 
of endosperm is formed by the fusion of several nuclei. 


Marked changes were seen in the different parts of ovary following 
fertilization. The nucellar cells become full of starch grains which are 
grouped together in vacuoles (Text-Figs. 83 and 86). These starch filled 
cells which are uninucleate are arranged in regular tiers below the em- 
bryo-sac and form the perisperm. Fortak (1931) describing the perisperm 
of P. blanda remarked that its cells do not contain any nuclei. In my 
preparations, however, a single nucleus is seen in each of the perisperm 
cells. Perisperm is described only in a few families like Saururacee 
Zingiberacee, Nympheacee, Urticacee, and some families of Centro- 
sperme. 


In the fertilized ovary, the outer layer of the integument is crushed 
(Text-Figs. 84 and 86). In a more or less mature fruit it appears as a 
dark brownish region in which cell boundaries are difficult to make out. 
The inner layer of the integument also becomes brown, thickened, and its 
inner wall is thrown into numerous foldings (Text-Figs. 85 and 86) which 
are either absent or very few at the base of the seed. These finger-like 
folds change the contour of the outermost layer of the nucellus cover- 
ing the perisperm. The thick brown inner layer of the integument takes 
a deep stain with crystal violet. In fact this layer appears to form the 
functional covering of seed at maturity. Campbell (1901) and Fagerlind 
(1939) were of this opinion though Johnson first (1900) mistook the 
outermost layer of perisperm to be the innermost layer of the integument. 


_ The fruit.—The Peperomia fruit is a drupe whose wall is 4-6 layers 
thick and is’ differentiated into three regions, the epicarp consisting 
of the outer epidermal cells, the mesocarp of two (Text-Fig. 87), three 
(P. blanda) or four (P. comarapana) middle layers of narrow cells through 
which the vascular b:ndle passes and the endocarp formed from the 
innermost layer of ovary wall. Cuticle also occurs outside the fruit 
in P. reflexa. Hydathodes and oil cells characteristic of the other parts 
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a ee plant are present in the epidermal layers of the fruit wall (Text- 
ig. 88). 


DISCUSSION AND CONCLUSION 


The bract.—The bracts of Peperomia have been described as hypo- 
peltate. Though Schmitz (quoted from Leinfellner, 1953) studied their 
development as long back as 1871, it was Leinfellner (1953) who gave 
us a first detailed account. From his studies on four species 
(P. sandersii, P. rubella, P. obliqua and P. ththymalioides) he confirmed 
the views of De Candolle (1866) that they are hypopeltate. 


The observations recorded here covering twenty species of Pepe- 
romia agree in all details with those of Leinfellner (1953). As has 
already been described, the peltate bract with the so-called shield-like, 
closed lamina and a unifacial stalk, develops from a small primordium. 
The ‘cross-zone’ develops on the abaxial side and grows in the same 
manner as the upper lobe of the shield, the epidermis on the upper and 
lower surfaces of the shield being in perfect continuity. The ‘single 
vascular bundle passing through the upper half of the horizontal stalk 
and the disc, perhaps, represents a very much reduced midrib vein. 
Baum (1952) also gives a similar interpretation in Codi#um variegatum 
var. interruptum. 


The stomata occur only on the upper surface, either in the middle 
or towards the upper lobe. In this respect this corresponds with the 
abaxial surface of the foliage leaf which alone shows stomata (Murty, 
1958 a). However, no stomata are seen on the lower lobe which is 
produced from the dorsal cross-zone. Probably they are unnecessary 
here as it is generally covered in the earlier stages by the upper lobe 
of the bract below. 


The developmental and anatomical studies of the bract clearly 
reveal that the doubts raised by Gundersen (1950), as to the bract being 
staminodal, are unfounded. 


The gyneceum.—The development of the gyneceum is similar in 
all the species and also agrees with the accounts given by Johnson (1914) 
for P. hispidula and Abele (1923) for P. verschaffaltii and P. metallica. 


Hagerup (1934) considered the development of the flower including 
ovary and the stamen of Peperomia, Piper and a number of genera 
belonging to different families in an entirely different manner. The 
two stamens are described as the two transversely standing “Vorblatter”’ 
(micosporophylls) arising from the axis of the flower which in its turn 
has arisen from the axil of the bract. These microsporophylls are 
followed by two unequal leaves placed in the median direction which 
later cover the axis of the flower bearing ovule. These leaves are desig- 
nated by him as false carpels “falschen-Fruchtblatt” since they contain 
no primordial seeds but only serve to protect the seeds. The integu- 
ment is considered as the macrosporophyll and the nucellus as mega- 


sporangium. 
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The observations recorded here lend little support for his concept. 


The megasporangium and the female gametophyte——The mega- 
sporangium and the female gametophytes of Peperomia have ever remain- 
ed full of interest for plant embryologist. The single ovule is orthotropus 
and typically unitegmic in contrast to the bitegmic condition in the 
allied genus Piper. Generally such differences occur in widely 
separated taxa but in the Piperacee they occur together in the same 
family. 


Over two dozen species of Peperomia have so far been worked out 
embryologically. All of them agree remarkably in having an embryo- 
sac that is tetrasporic and 16-nucleate. At one time these 16-nucleate 
embryo-sacs offered extensive field for wild speculations regarding the 
affinities of angiosperms with the Gnetales (cf. Campbell, 1899, 1901). 
Fisher (1914), Johnson (1914) and Martinoli (1948) have commented 
extensively on the subject. On our part it will be just sufficient to refer 
to the critical and exhaustive reviews on the subject by Maheshwari 
(1950). 


Formation of evanescent walls during megasporogenesis has been 
reported in quite a few species. Brown (1908) clearly showed the forma- 
tion of a temporary cell plate in P. pellucida, and a temporary wall 
during the first division in P. arifolia and in the first two divisions of 
P. sintensii. He reported that at the 4-nucleate stage, the bigger micro- 
pylar nucleus is cut off from the rest by a wall. Fisher (1914), Johnson 
(1914), Abele (1924) and Fagerlind (1939) also recorded formation of 
temporary walls or ephemeral plates during the megasporogenesis of 
different species of Peperomia. In the present study evanescent walls 
or cell plates have been observed in P. reflexa, P. comarapana, P. fraseri, 
P. blanda, P. fenzlei and P. incana during the megasporogenesis. 


The formation of the evanescent walls during the megasporogene- 
sis in a good number of species where the embryo-sac is tetrasporic may 
have some phylogenetic significance. Bergman’s (1935) findings appear 
to be of some consequence in this connection. He discovered in Leon- 
todon hispidus that in 50% of the ovules the separating walls between 
the megaspore nuclei dissolved away and these embryo-sacs developed 
after the Adoxa-type. In the remaining 50% cases where the separating 
walls persisted the embryo-sacs followed the Polygonum-type. 


Johnson (1914), Fisher (1914), Abele (1923, 1924) and Martinoli 
(1948) consider the four nuclei formed after the first two divisions in 
the megaspore mother cell as representing those of the four megaspores. 
The greater number of nuclei, i.e., 16 in the embryo-sac is explained as 
the result of division of all the four megaspores. The term *“coenomega- 
spore’ (Fagerlind, 1939) appears to be appropriate for the structure 
containing the four megaspore nuclei. 


Some variations have boon observed concerning the number of 
synergid cells and organisation of the mature embryo-sac. Fagerlind 
(1939) working on P. pellucida demonstrated the presence of one or 
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two synergids depending on the shape of the embryo-sac and thus con- 
firmed the observations of both Campbell (1899), Johnson (1900). 
Abele (1923, 1924) differentiated embryo-sacs into four categories on 
the presence or absence of. ephemeral cell wall or cell plate during the 
megasporogenesis. Fagerlind (1939) appeared to have recognised only 
two types of embryo-sacs in Peperomia, one where there are some laterals 
and some polar nuclei and the other where all nuclei excepting those of 
the egg apparatus form the polar nuclei. While the first type occurs in 
P. pellucida and most other species the second type is examplified by 
P.. hispisula. 


Martinoli (1948) observed in one and the same species P. maculosa 
the characteristic organization met with in P. pelluciza and P. hispiaula. 
He attributed these variations to the irregularities in the polarization 
of the nuclei and did not attach any morphological significance to them. 
Further, Martinoli (1948) reported in some cases of P. maculosa only 
four nuclei fusing to form the endosperm nucleus. Groups of laterals 
that look like egg apparatus are observed in a single instance of 
P. reflexa (Text-Figs. 82a, b). 


The present author also has observed some variations in the number 
of laterals (4-6), polars (6-9), and synergids (1-2). Two synergids have 
been observed in P. pellucida, P. reflexa, and P. comarapana. Hence 
it seems logical to conclude that no useful purpose will be served by 
further classifying the 16-nucleate Pep romia-type embryo-sac on the 
basis of minor variations like the number of synergids, the presence 
or absence of evanescent wall, etc., which are so common even in one 
and the same species. 


The embryo.—The first division of the zygote in a vast majority 
of angiosperms is transverse (see Maheshwari, 1950). In a very few 
instances, e.g., Balanophora (Ekambaram and Panje, 1935), Dendaro- 
phthe (Singh, 1952) it is reported to be longitudinal. In Balanophora 
the second division and, probably the third also, is described to be longi- 
tudinal. Johansen (1950) classifies as piperad-type, all those embryos 
where the orientation of the first wall during the division of the zygote 
is either vertical or vertical oblique which may be assumed to be 
essentially longitudinal. Under this group he includes Peperomia, 
Heckeria and Balanophora. It will be recalled that the first and second 
divisions of the fertilized egg in Peperomia as has been observed here, 
are also longitudinal and agree with the account of Fisher (1914) and 
Fagerlind (1939). 


SUMMARY 


Structure and development of the bract in 20 species of Peperomia 
have been studied. The bract is hypopeltate and shows some variations 
in the upper and lower lobes of the shield. 


The gyneceum shows uniform mode of development in all the 
species studied, It arises in the axil of a bract as a small protuberance, 


138 Y. S. MURTY 


This becomes flat at the top and then a depression appears which 
gradually deepens. The cells at the base of the cavity become active 
and give rise to the nucellus. 


The anthers are typically bilocular and normal in structure. The 
pollen grains are two-celled. The ovule is unitegmic and a_ single 
archesporial cell is present. Parietal tissue becomes 4-S layered. 
Megaspore mother cell becomes a coenomegaspore with 4 nuclei. Evane - 
cent walls or plates have been observed at the 2 and 4-nucleate stages 
in some of the species. The mature embryo-sac is 16-nucleate. Varia- 
tions in the organisation of the 16 nuclei and the number of synergids, 
laterals and polars have been noted. In view of these variations it is 
suggested that no useful purpose will be served by classifying Pepe- 
romia-type of embryo-sac further into sub-types, as was done by some 
earlier authors. 


The development of cellular endosperm and the embryo up to 8- 
celled stage was described. The structure of the integument and fruit 
wall before and after fertilization has also been studied. 


The author wishes to express his sincere thanks to Prof. V. Puri 
for valuable guidance and material and to Prof. P. Maheshwari for his 
valuable suggestions and loan of literature. He is also thankful to 
Dr. O. Hagerup and Dr. A. Burkart for the collection of material and to 
Shri V. P. Dube for help in the preparation of diagrams and to Mr. B. S. 
Saxena for help in translation of some German literature. 
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INTRODUCTION 


THE history of Bougainvillea Commerson dates back to 1776, when some 
specimens of the beautiful climber were collected in Brazil by a French 
navigator, L. A. de Bougainville during his voyage. Fifteen species of 
this genus are reported from South America, which is considered to be 
its centre of origin. Except for the studies of Cooper (1929, 1931) and 
Wilson (1947) no cytological work seems to have been undertaken in 
species of Bougainvillea. Even the family Nyctaginacee as a whole is 
comparatively neglected from the cytogenetic standpoint. Cooper 
(1931) found by studying microsporogenesis in Bougainvillea glabra 
that it has the chromosome number 2” = 20. Wilson (1947) studied 
six varieties namely Snow White, Formosa, Dark Purple, Ruby, Orange 
King and Royal Purple. The first three were assigned to B. glabra, 
the next two to B. spectabilis and the last was taken to be a hybrid. But 
all the six varieties were reported to have the chromosome number 
2n = 34. The present study was undertaken to ascertain whether 
there is any cytological basis for the high degree of pollen sterility found 
in some varieties of Bougainvillea and an account of the results obtained 
is given in this paper. 


MATERIAL AND METHODS 


The collection of many distinct varieties of Bougainvillea main- 
tained by Dr. B. P. Pal in the grounds of I.A.R.I. was used in the study. 
The present report deals with the cytological behaviour of 10 varieties 
and a hybrid seedling No. 54 bred by Dr. Pal which has not been given 
a varietal name yet. The varieties included in the present study 
are Snow Queen, Exquisite and Mary Palmer belonging to Bougainvillea 
glabra, Louis Wathen, Orange Glory, Oliver Perry and Enid Lancaster 
belonging to B. buttiana, and Tomato and Chandrabieri belonging to 
B. spectabilis. For meiotic observations the material was fixed in the 
morning between 9-30 to 10 a.m. which was found to be the optimum time 
for P.M.C. division. In the beginning, some difficulty was experienced in 
getting sharp staining of chromosomes and proper differentiation. To 
overcome this difficulty, different fixatives were tried and the best results 
were obtained when the buds were fixed in Carnoy’s (6:3: 1) for 2-3 
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hours and changed to propionic alcohol 1: 3 (one part of propionic acid 
saturated with ferric acetate, mixed with 3 parts of alcohol at the time of 
fixation). Pollen fertility was estimated by stainability in acetocarmine. 
Germinability of pollen grains was tested on an agar-sucrose media. 
In hybridization studies Mary Palmer was used as the female parent 
and Snow Queen and Tomato were used as pollen parents. 


EXPERIMENTAL RESULTS 


Details of meiotic studies at metaphase I are summarized in 
Table I. All the varieties tested for chromosome number had 2n = 34. 
Analysis of M-I clearly indicated a difference in the number of uni- 
valents present in different varieties and thus a variation also occurred 
in chiasma frequency (Table I). None of the varieties studied by us 


TABLE [ 
Mean number per cell eas Chiasma 
Noes requency 
Variety P.M.C.s 
studied |Quadri-| Triva- |. Univa- Per 
valents |; lents Bivalents lents Per cell bivalent 

1. Snow Queen 5c Il 0 0 16-5 1-1 32 1-89 
2. Exquisite a9 ibs 0 0 16:3 1-5 28-6 1:68 
3. Tomato :: 15 0 “19 15°6 2-1 28-3 1:66 
4. Enid Lancaster .. ll 0 74 13-4 6:2 25-4 1-49 
5. Mary Palmer— 12 0 -07 13-0 6-4 24-7 1-45 

(Red Sector 27 = 34) 
6. Mary Palmer— 10 0 0 7:8 4-4 15-1 1-93 

(Red Sector 27 =20) 
White Sector .- 12 0 07 13-5 6-5 24-2 1-42 
7. Seedling Na 54 :: 10 0 +36 12-0 6-6 25:3 1-49 
8. Orange Glory . 12 +] 5 13:3 5:3 21:8 1°28 
9. Oliver Perry es 12 0 45 12:5 7:7 21°8 1-28 
10. Louis Wathen .. 16 0 0 10-2 | 21-9 16 0-94 

if i] 


was characterized by regular bivalent formation. Wilson (1947) from 
a study of microsporogenesis in six varieties reported four of them 
to have a regular meiosis and high pollen fertility. Due to the presence 
of a large number of univalents, anaphase I was very irregular. In 
some cells the division of univalents at anaphase I was observed. The 
varieties Snow Queen and Tomato had Jess number of univalents with 
the result that anaphase I was fairly regular in most of the P.M.C.s 


(Pl. II, Fig. 5). 


The popular variety Mary Palmer has two morphologically distinct 
sectors with red and white bracts. To study their meiotic behaviour, 
buds from each sector were fixed separately. In both the sectors the 
chromosome number was found to be 2” = 34. But a few interesting 
observations were also recorded. Metaphase I and anaphase I were 
very irregular in the white sector due to several univalents being present. 
The number of lagging univalents and bivalents varied in different 
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cells. The maximum number of lagging bivalents observed at anaphase I 
was 10 (Pl. Il, Fig 4). In the red sector some anthers showed 
P.M.C.s with the chromosome number 2 7 = 2C instead of the usual 34 
(Pl. II, Fig. 3) found in other buds. 

Pollen stainability and pollen size were ascertained in both fertile 
and sterile varieties. Only varieties Chandrabieri, Tomato and Snow 
Queen showed more than 50% fertility (Table II). The average size 
of the fertile pollen grains in these varieties was slightly above 
30 microns and of the unstained less than 20 microns (Table Il). The 


TABLE II 


Pollen fertility and size 


Average size of pollen 


Pollen ’ : 
Variety fertility es 
/s Stained Unstained 
1. Chandrabieri is 68 33-1 19-20 
2. Tomato me 58 39 19-5 
3. Snow Queen a 55 33-9 15-99 
4. Exquisite Bc 34 35-1 30-03 
5. Enid Lancaster be 13 38-61 26-13 
6. Orange Glory ss 10 31-2 25-53 
7. Seedling No. 54 ns 10 31 24 
8. Oliver Perry * 4 35:1 26-52 
9. Louis Wathen oy 3 34-32 29-62 
10. Lady Mountbatten .. 4 38-22 33-93 
11. Mary Palmer (Red) .. 3-4 34-32 29-6 
Mary Palmer (White) .. 3-4 34-32 29-6 


varieties Louis Wathen, Mary Palmer, Lady Mountbatten, Orang 
Glory, Oliver Perry and Seedling No. 54 were almost completely 
sterile. There was hardly any normal pollen, most of the pollen grains 
being small, unstained and shrivelled. Unequal distribution of the 
univalents at anaphase I and formation of micronuclei by the lagging 
chromosomes were also observed and this also accounts for the high 
sterility of pollen grains. 


In the beginning of 1957, crossing was attempted using Mary 
Palmer as female and Tomato and Snow Queen as pollen parents. 
Despite extensive hand pollination no seed-setting could be obtained. 
The germinability of mature pollen grains of the fertile varieties 
Chandrabieri, Tomato and Snow Queen was tested in an agar-sucrose 
medium. There was no germination in any variety. Further detailed 
studies are necessary to understand the causes for the failure of seed- 
setting in these crosses. 
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DISCUSSION 


The present study was undertaken primarily to understand the 
causes for the low pollen fertility and complete seed sterility observed 
in many varieties cf Bougainvillea. The data now available suggest 
that with an increase in the frequency of univalents there is a decrease 
in pollen fertility (Table Il). The importance of univalents in causing 
the abortion of gametes and consequently pollen and ovule sterility has 
been stressed by Myers (1943) and other authors. Among the 3 species 
studied by us, varieties of B. spectabilis had the highest frequency of 
fertile pollen. In B. glabra, the varieties Snow Queen and Exquisite 
had a fair amount of good pollen while all the varieties of B. buttiana 
had very low pollen fertility. All the 3 species had 2 = 34 and the 
significance of these interspecific differences is not clear. Wilson (1947) 
studied meiosis in one pollen sterile and two pollen fertile varieties of 
B. spectabilis. He found that while meiosis was regular in the fertile 
varieties, 4-6 univalents occurred at metaphase I in the sterile variety. 
All the 3 varieties of B. globra studied by Wilson (1947) were fertile 
and were characterized by regular meiosis. Cooper (1931) also studied 
only varieties of B. glabra and B. spectabilis and he observed that the 
microspore nucleus never divided in any of the varieties. No cytological 
study seems to have been undertaken so far in varieties of B. buttiana 
but from the present study, it appears that varieties of this species have 
a very irregular meiosis. 


Even when fertile pollen was used in crosses, there was no seed- 
setting. This could be due to either of the following reasons. First, 
the pollen, though stainable in acetocarmine, may not be functional. 
We were unable to effect the germination of these well-stained pollen 
in artificial media. Cooper (1931) has also stated that all attempts to 
germinate the pollen grains proved futile. Secondly, there may also 
exist complete ovule sterility with the result that no viable embryo is 
ever produced. Thus, it was found by Cooper (1931) that the macro- 
spores usually disintegrate early and a nucellus containing vegetative 
tissue only is developed. Further embryological studies in this genus 
are necessary to ascertain the cause and extent of occurrence of ovule 
sterility. 


The present results throw further light on the question of the origin 
of Bougainvillea species. On the basis of Cooper’s (1931) report that 
the chromosome number of some varieties of B. spectabilis and 
B. glabra is 2n = 20 and on the basis of his own finding that the number 
is 2n — 34 in some other varieties of these species, Wilson (1947) con- 
cluded that the number 2” = 34 could have been derived from 
chromosome doubling in a F, hybrid between types with x = 10 and 
x= 7. Thus, several varieties of Bougainvillea should be amphi- 
diploids and a species with x = 7 should exist. Such a species has not 
been identified yet. The occurrence of both 2 = 20- and 2n = 34 
in different buds of the variety Mary Palmer is extremely interesting. 
This variety is a complex chimera with cells carrying genes for white 
and coloured bracts thoroughly mixed up throughout the plant. Jt 
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appears that this plant is also a mosaic from the chromoome numbers 
point of view. There does not seem to exist any connection between 
the bract colour and chromosome number since we found 2 = 34 in 
both white and coloured regions. The occurrence of the numbers 
2n = 20 and 2n = 34 in the same plant would suggest that the lower 
number could have arisen from the higher one by a process of chromo- 
some elimination analogous to the mechanism at work in sugarcane 
(Parthasarathy, 1951). It is well known that in many vegetatively 
propagated plants chromosome mosaic celJs exist and Sharma (1956) 
has given several examples for such an occurrence. If this view is cor- 
rect, then amphidiploidy may not be involved in speciation as suggested 
by Wilson (1947). In contrast to this, support for Wilson’s (1947) 
hypothesis stems from our observation that in some anaphase cells 
there is non-synchronized disjunction, with 10 bivalents lagging and 
14 bivalents having undergone regular separation. This type of timing 
unbalance would strongly suggest that in this species two genomes with 
somewhat different division cycles in relation to time exist. This could 
also be the reason why several univalents occur at metaphase. Thus, 
the cytological behaviour of Bougainvillea varieties opens up several 
possibilities with reference to their origin and further studies will be 
necessary before the processes controlling speciation in this genus can 
be clearly defined. 
SUMMARY 


Meiotic behaviour, pollen fertility and pollen size were studied in 
Bougainvillea varieties Snow Queen, Exquisite and Mary Palmer 
belonging to B. giabra, Louis Wathen, Orange Glory, Oliver Perry and 
Enid Lancaster belonging to B. buttiana and Tomato and Chandrabieri 
oelonging to B. spectabilis. Variety Lady Mountbatten and Seedling 
No. 54 which were not assigned to any of the above species were also 
studied. In all the varieties the chromosome number was 27 = 34. 
However in some buds from the red sector of Mary Palmer, the chromo- 
some number was found to be 27 = 20. Detailed meiotic studies were 
pana in both the red and white sectors of the variety Mary 

almer. 


The varieties Chandrabieri, Tomato and Snow Queen had more 
than 50% pollen fertility, while the rest were almost completely sterile. 
Crosses between Mary Palmer and some of the pollen fertile varieties 
did not succeed. 


_ From the results it is concluded that (1) the high pollen sterility 
in many varieties is due to irregular meiosis and particularly due to 
a high frequency of univalents; (2) lack of seed-setting could be due to 
both the non-functionability of stainable pollen and the sterility of 
ovules; and (3) the Bougainvillea species with 2 n = 34 may comprise 
of two genomes with different time-cycles of meiotic division, 
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EXPLANATION OF PLATE IT 


Fic. 1. Variety Snow Queeh—Metaphase I. 14 bivalents + 6 univalents, 
Fic. 2. Variety Exquisite.—Beginning of Anaphase 27 = 34. 


Fic. 3. Vatiéty Mary Palmer (Red Sector)—Metaphase I. 7 bivalents + 6 uni- 
valents. 


;. 4. Variety Mary Palmer (White Sector)—Anaphase I. 10 bivalents are un- 
Lay divided while the rest have divided and gone either wholly or partially to 
the poles. 


Fic. 5. Variety Tomato—Anaphase I. 16-++17 and one lagging univalents. 
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INTRODUCTION 


Tue West Himalayan Territory, according to the Bryogeographical 
units proposed by Dr. Pandé. in his learned Presidential Address before 
the Annual Meeting of the Indian Botanical Society, 1958, consists of 
the mountainous area west of Nepal extending upto Kashmir (Pandé, 
1958). This territory has received comparatively greater attention with 
respect to the Bryological collections and study in the excellent contri- 
butions by Kashyap (1929, 1932 a, 1932 b) but a considerable portion of 
this fascinating and extensive area still awaits critical study. One such 
area, the Garhwal District, has proved to be extremely interesting as 
a collection trip by the author, at the suggestion of Dr. Pandé, to Pauri 
and the neighbouring places in this district (alt. 2,000-8,000 feet), 
during September-October, 1957, has revealed the presence of several 
interesting hepatics, even though, as anticipated, the time chosen for 
this trip was rather late in the season. 


Garhwal, a district of Uttar Pradesh, with an area of ca. 5,629 sq. 
miles, consists almost entirely of rugged mountain ranges which towards 
the north reach great heights in the peaks of Nanda Devi (25,645 feet), 
Badrinath (23,210 feet) and Kedarnath (22,853 feet), etc., perpetually 
clad in glistening snow. Towards the south the stupendous heights 
gradually merge into the low terai area. All the rivers invariably flow 
in deep narrow gorges and agriculture is a laborious process being pri- 
marily possible on the terraced fields carved on hills with gentle slopes. 
The area as a whole is underdeveloped and lacks adequate communi- 
cation routes. Most of the places can apparently be negotiated only 
by irksome journey and are thus nearly inaccessible. However, during 
the two Five-Year Plan periods of the Government of Uttar Pradesh, 
some attention is being paid and suitable bus routes now occur in 


several parts although, as yet, they cover only a very small portion of 
the district. 


* Part I of this series by Pandé and Udar (1857) in J. Indian bot. Sec. 36: 564-79, 
Part If by Pandé and Udar (1958) in Proc. nat. Inst. Sci. India 24: 79-88 and 
Part HII by Pandé and Udar in Proc. nat. Inst. Sci. India (In press). 


+ Contribution from the Department of Botany, Lucknow University, India, 
New Series No. 37. 
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Pauri, with the elevation of ca. 5,860 feet, the district headquarter 
of Garhwal, is one of the hill stations with excellent scenic beauty and 
presents gorgeous views of the snow-capped Himalayas. It has a 
bracing climate and the favourable precipitation during June-September 
results in luxuriant growth of Bryophytes. 


Collections were made between Kotdwara and Pauri mainly on 
the bus routes and rather intensively at several places in Pauri proper 
and its neighbourhood. Much of the vegetation, in and around Pauri, 
has ,undergone sufficient upheavals as a result of indiscriminate de- 
forestation and cutting of rocks for expansion of agriculture, grazing 
pastures and human habitation. The liverworts have, naturally, not 
escaped these onslaughts and possibly several species have been tempo- 
rarily (may be even permanently) destroyed and could not be collected. 
On denuded moist rocks nearly all the species of Riccia were observed 
as pioneer colonizers quite often associated with Plagiochasma appendi- 
culatum, P. articulatum and Asterella angusta which formed the domi- 
nant component of the vegetation of this area. The specimens col- 
lected were kept dry in numbered packets and relevant notes were taken 
in the field. Most of these were also preserved in proper fluids. 


Apparently the earliest record of a species of Riccia from the West 
Himalayan territory is of R. discolor L. et L. and R. fluitans L. (Mitten, 
1861). At the end of the last century the former was listed by Stephani 
(1900) from Dehra Dun, based on a collection by Duthie. About a 
decade and a half later Kashyap (1915) reported the same from 
Mussoorie, but later, on the determination of Stephani, he referred it 
to a new species, R. himalayensis St. and finally described it (Kashyap, 
1929) under this name. Recently it has been shown to be a composite 
species and detailed discussion has been given by Udar (1957) and 
Pandé and Udar (1957 b). 


Kashyap (1916, 1929) described R. pathankotensis from Pathankot; 
Kulu (Manali) and R. robusta (from Lahul above Kyelang, 11,000 feet ; 
Spiti, 13,000 feet) the latter being a synonym of R. erystallina L. Along 
with these species he (Kashyap, 1929) also reported R. fluitans L. from 
Garhwal, Jumna Valley; Kashmir and R. melanospora Kash. (Kashyap, 
1932) from Konsa Nag, 12,000 feet, Kashmir. 


Ahmad (1942) described a new species R. orientalis from Kumaon 
Himalayas. The status of this species has been discussed in the present 
communication and it has been reduced to a synonym of R. hirta (Aust.) 
Underw. 

Udar (1956) reported R. gangetica Ahmad and R. sorocarpa Bis- 
choff. from Ratnithal (alt. 11,000 feet). Salient taxonomic features 
along with illustrations of the latter have also been given. 


Thus, in all, 8 species of Riccia have so far been known from the 
West Himalayan Pec: viz., R. discolor L. et L., R. fluitans L., 
R. pathankotensis Kash., R. melanospora Kash., R. crystallina L., R. hirta 
(Aust.) Underw., R. sorocarpa Bischoff. and R. gangetica Ahmad. 
Examination of specimens of Riccia from the Garhwal collection has 
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brought to light some more interesting additions for this territory, viz., 
R. billardieri Mont. et N., R. aravalliensis Pandé et Udar and R. pandéi 
Udar, a new species from Pauri, bringing the total to 11 species. 


The present communication deals only with the species of Riccia 
from the Garhwal collection and the rest of the hepatics will be pub- 
lished in a separate paper. With a view to present a complete account 
of the genus from the West Himalayan Territory opportunity has also 
been availed to discuss all the species known so far from this area 
excluding R. fluitans-complex. A key for their identification is given 
below :— 


KEY FOR JDENTIFICATION 
I. Thallus compact, air-spaces narrow 
A. Plants ciliate 


(a) Spore black and opaque at maturity, thallus anteriorly 
sulcate, more or less plane behind .. ee 


R. melanospora.* 
(b) Spore brown—dark brown at maturity 


+ Spore-winged, wing punctate, sometimes only 
with one or two perforations at the angles, 
margin entire .. Pe i de ee 

+-+ Spore winged, margin broadly crenulate .. 
R. pathankotensis. 


B. Plants non-ciliate 
(a) Diecious, spore 80-120 », unwinged .. R. discolor 
(b) Monecious 
+ Spore-winged, tri-radiate mark prominent 


x Epidermis 2-layered, upper mamillate 
usually disorganising, lower rectangular, 
thick-walled and persistent, spore reti- 
culate with 6-10 reticulations on the 
outer face, inner faces similarly reticulate 
bd en R.  sorocarpa, 


< &< Epidermis one-layered, spore reticulate, 
with 3-6 reticulations on the outer face, 
inner faces incompletely reticulate 


R. arayalliensis. 
-++-++ Spore unwinged, tri-radiate mark inconspicuous 


x Thallus about 3 times broader than high, 
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spore perfectly black and opaque at 
maturity, coarsely crenate in profile 
R. gangetica. 


x x Thallus about 4-6 times broader than 
high, spore reddish-brown, reticulations 
drawn into prominent projections at the 
corners ot .. RR. billardieri. 


II. Thallus spongy, air-spaces broad and chambered Monecious, thalli 
usually growing in distinct rosettes, spore up to 90p, 3-5 
(sometimes up to 7) reticulations on the outer face, large and 


incomplete tp <a e be Ry erystallina.* 

IlI. Thallus intermediate (compact in the middle and spongy at the 

periphery) normally forming cruciate rosettes .. R. pandéi. 
DESCRIPTION 


1. Riccia pandei Udar sp. noy. 
(Text-Figs. 1-11) 


Herba monoica, obscure viridis, semel vel bis dichotome furcata 
sepe cruciata evolitur, nonnumquam solitaria et non-ramosa; thallus 
ad 8mm. longus, 2mm. latus, sulcatus, sulco profundiore ante; 
squame hyaline vel rosea, numquam marginem excedentes; sectio 
transversa ca. triplo latior quam alta; cellule epidermales spherice, 
semel seriate, hyaline; papille antheridiales eminentes ad 150 supra 
superficiem; spatia «rea intermedia Ricciam inter et Ricciellam; 
sporophytum in serie, dorsaliter eminens atque manifestum post ruinam 
textuum incumbentium; spore lucide brunnee, tetrahedre, notate 
signo eminenti tri-radiato, 70-90» ad maximum diametrum, reticulate 
6-8 reticulationibus in facie externa, plus minusve eque reticulate 
in faciebus internis, papillate ad faciem obliquam, alate, alis 6-134 
latis, marginibus irregulariter crenatis. 


Moneecious, dull green, once or twice dichotomously branched, 
frequently developing cruciate pattern, sometimes solitary and un- 
branched; thallus up to 8mm. long and 2 mm. broad, sulcate, sulcus 
deeper anteriorly; scales hyaline or pink, never extending beyond the 
margin; cross-section about 3 times broader than high; epidermal 
cells spherical, 1-layered, hyaline; antheridial papille prominent and 
project up to 150, above the surface; air-spaces intermediate between 
Riccia and Ricciella types; sporophytes in a row, prominent dorsally 
and exposed by the decay of the overlying tissues; spore light brown, 
tetrahedral with tri-radiate mark prominent, 70-90, in the maximum 
diameter, reticulate’ with 6-8 reticulations across the outer face, more 


* Species included in the key on the basis of their report by Kashyap (1929, 
1932 a, 1932 6). They are not represented in our collection from the West Hima- 
layan Territory nor has the author succeeded in collecting them from Garhwal. 
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Text-Fics. 1-]1 
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TeExT-Fics. 1-11. Riccia pandéi Udar. Fig. 1. A typical rosette. Note the 
intermediate nature of the thallus. Fig. 2. Antheridial ostiole. Figs. 3-5. Cress- 
section of a thallus at apex, in the middle and at the base respectively. Gf antheridial 
papilla; Q , young sporophyte. Fig. 6. Tuberculate rhizoid. Note the prcmirent 
tubercles. Fig. 7. Cross-section of the thallus in the middle. Fig. 8. Creoss- 
section of the thallus at the margin showing thespongy portion of the thallus. 
Fig. 9. Spore, outer face. Fig. 10. Spore, innerfaces. Fig. 11. Spore wing 
(magnified). 


or less similarly reticulate on the inner faces, papillate in profile, winged, 
wing 6-13 wide, margin irregularly crenate. 


Coll.: Udar and Satish. Loc.: On way to Kandolia, opposite 
Pauri Bus Station. Growing on moist walls associated with Riccia 
hirta and Plagiochasma appendiculatum. Date: 1-10-1957. Type speci- 
mens No. 8136, Lucknow University Hepatic Herbarium.* 


Invariably the plants of R. pandéi Udar were found growing in 
intimate association with R. hirta (Aust.) Underw. The latter is, how- 
ever, a Ciliate species and can easily be separated even in nature without 
any chance of confusion. 


IDENTIFICATION 


R. pandéi Udar is characterized by its typically intermediate charac- 
ter of the thallus, i.e., compact in the middle and spongy at the margins. 
This character of the thallus needs some discussion. While it is very 
well known that the vegetative characters in liverworts are extremely 
plastic and readily respond to variations in edaphic factors and moisture 
content of the medium holding them, R. pan éi was observed to retain 
this character through several grades of habitats. The plants growing 
under moist conditions show it as conspicuously as those drawn from 
perfectly exposed conditions receiving sunlight for a major part of the 
day (No. 7698). Evidently the spongy margin of the thallus provides 
a reliable diagnostic feature in R. pandéi. 


The thalli of R. pandéi normally grow in cruciate pattern resembling 
in this respect R. cruciata. The two species are, however, very different 
in the anatomy of the thallus and size and sculpture of the spore. 


Considered from the over-all external appearance of the plants 
as well as in having thalli about 3 times broader than high, R. pandéi 
is referable to Euriccia-Inermis (Section IV) of Stephani (1900). The 
salient features of the monecious as well as the diccious species of 
this section, along with some other related species, not included in 
S‘ephani’s publications (Stephani, 1900; 1917-24), have been presented 
in Table I which clearly shows that R. pandéi is distinct from all these. 


The only species which approaches R. pandéi is R. junghuniana_N. 
et Lindnbg, a species endemic to Java, which also has the intermediate 
nature of the thallus. Through the courtesy of Dr. Wim Meijer 


* Numbers of collectiors given in this paper refer to numters of specimens 
deposited in the Lucknow University Hepatic Herbarium. 
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authentic specimens of R. junghuniana were available for study and a 
comparison showed that the two species are different in several specific 
details. The thalli of R. junghuniana are narrower and larger, the 
plants usually overlapping and the spores up to only 68, being much 
smaller than in R. pandéi. The reticulations, though nearly same in 
number, are much smaller in size (see Table 1). 


The specimen of Riccia from Pauri differs sufficiently from all the 
known species and is referred to a new species, R. pandéi Udar Sp. NOvV., 
in honour of Dr. S. K. Pandé, a senior botanist and noted Bryologist 
of the country who has always encouraged the author to take frequent 
collection trips to areas which await study with a view to present a 
detailed account of the hepatic vegetation of India. 


2. Riccia hirta (Aust.) Underw. 
Syn.: R. orientalis Ahmad in Curr. Sci., 12: 25-26, 1942. 
(Text-Figs. 12-21) 


R. hirta has so far been known in Indian Bryology through R. ori- 
entalis Ahmad (Ahmad, 1942) from the Western Himalayas. A critical 
examination of the type specimens (No. 4678) does not show significant 
specific features to separate it from R. hirta, a common species growing 
in North America. R. orientalis has, therefore, been reduced to a 
synonym of R. hirta and under this name it constitutes the first report of 
the latter from India. 


R. hirta is evidently one of our most interesting discoveries as it 
has so far been known from North America alone. Its occurrence in 
India not only extends the range of its distribution but it also affords 
a remarkable example of a disjunct distribution between the two widely 
separated continents of North America and India. It is quite likely, 
however, that the species may have a much wider range than known 
at present and may some day be discovered in the intermediate terri- 
tories. 


A detailed description based on the Indian specimen is given 
below: 


Moneecious, dark green, usually growing in rosettes, often 
overlapping; thallus 3-6 mm. long and 1-2-5 mm. broad, sulcate, sulcus 
narrow and deep anteriorly widening behind and posteriorly more or 
less flat, wing convex, ciliate, cilia more numerous towards the margins, 
hyaline or pink, up to 200, long, pointed, often shorter and blunt; 
scales hyaline or pink, never extending beyond the margin; cross-section 
of the thallus 2-3 times broader than high; epidermal cells |-layered, 
cells normally mamillate-papillate, a few often spherical; antheridial 
ostioles prominent, up to 100 above the surface; sporophyte embedded 
in thallus and dorsally prominent, exposed by the decay of overlying 
tissues; spore light brown, tetrahedral with tri-radiate mark conspi- 
cuous, 80-100 p, reticulate with 6-8 reticulations across the outer face, 
7-14 » across, inner faces similarly reticulate, reticulations smaller, 
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_ Text-Fics. 12-21. Riccia hirta (Aust.) Underw. j 
Figs. 13-15. Cross-section cf a thallus at tl Paes in the Paved a ee ese 
Tespectively. o. antheridial papilla; Q , sporoplyte. Fig. 16. Crcss-secticr. of a 
thallus at tl © poirt cf dicl.otcmy tl.rcugh two del.isced spercpl ytes. Figs. 17 Epic 
dermal cells in cross-section cf a tl.allus at apex. Fig. 18. Cilia. Fig. 19 Rote 
ae face. Fig. 20. Spore, inner faces. Fig. 21. Punctate spore wing (magni- 


papillose in profile, winged, wing 6-12, broad, much broader at the 
angles, margin entire, usually perforate at angles often also in other 
parts of the wing. 


Coll.: Udar and Satish. Loc.: On way to Kandolia, Pauri. Date: 
1-10-1957. No. 8138. Loc.: In front of P.W.D. Inspection House, 
Pauri. Date: 1-10-1957. Nos. 8139, 8140. On the gate of Shiksha 
and Prasar Kendra, Pauri. No. 8141. Loc. : On the Buakhal Forest 
Road. Date: 3-10-1957. Nos. 8435, 8437, 8439, 8457, 8465. Loc. : 
Gumkhal (6,000 feet). On Bus route. Date: 4-10-1957. On way to 
Woodstock School, Mussoorie. Date: 6-10-1957. Nos. 8695, 8698, 


9010. 


__. hirta is apparently the most common species in the Western 
Himalayas and particularly in Garhwal it is very luxuriant. The plants 
are also very common in Mussoorie although they somehow escaped 
the attention of earlier collectors. The plants flourish well between the 
altitudes 3,000—-7,000 feet with their maximum frequency nearer the 
higher limit. 

3. Riccia pathankotensis Kashyap 
(Text-Figs. 22-33) 


R. pathankotensis Kash. was instituted by Kashyap (1916) on the 
basis of specimens collected by him from Pathankot. Subsequently 
Kashyap (1929) reported it from Lahore and Kulu (Manali). This 
rare species has so far been known to be pocketed in these areas and is 
significant in being apparently endemic to our flora. This interesting 
species is yet insufficiently known and stands in need of detailed illus- 
trated account. Opportunity has been availed to complete the account 
and also provide the Latin diagnosis* of this plant. 


Moneecious, dark green, usually forming well-defined rosettes 
(10-12 mm. across), rarely overlapping; thallus 5-10 mm. long, 2-3 mm. 


* Herba monoica, fusce viridis, ut plurimum effcrmans rosulas bene definitas 
(10-12 mm. diam.), raro parte ulla alteri imperdente; thallus 5-10mm. Jongus, 
2-3 mm. latus, apice truncato, sulco prcfur.dicre arte, lato et tenui atque evanescenti 
a tergo, margi«ibus convexis acute productis; ciliatus, ciliis 150-2C0 uw longis, caducis 
tempore labente, ut plurimum nullis in plantis maturis; squame ut plurimum 
hyalicz, margines non excedentes; sectio transversa tLa]li ca. triplo latior quam alta ; 
spatia erea angusta; cellule epidermales semel seriate, hyalire, spherice; ostiola 
antheridialia eminer.tia, ad 150 » supra superficiem; spcrophyta dorsaliter eminentia, 
plurima in serie multiplici absque ulla reliquia textus vegetativi ir.ter se, manifesta 
post ruinam cellularum irncumber.tium; spore fusce brunree, tetrahedre notate 
signo tri-radiato eminer-ti, 80-100 » ad maximum diametrum, reticulate 6-8 reticula- 
tionibus per superficiem externam, faciebus internis similiter reticulatis, papillose ad 
faciem obliquam, alate, alis ad 8 4 latis, interruptis, marginibus late crenulatis, 
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TEXT-Fics, 22-33, Riccia pathankotensis Kash. Fig. 22. A mature rosette 
(Almora specimen). Note the copious production of sporophytes and absence of 
cilia. Figs. 23-25. Cross-section of a young thallus at the apex, in the middle 
and at the base respectively. ©, antheridial papilla; Q, young sporophyte. 
Figs. 26-27, Cross-section of a mature thallus in the middle and at the base 
respectively (Figs. 23-27 from Garhwal specimen). Fig. 28. Cross-section 
through a thallus showing wide air-spaces at the margin (Almora specimen). 
Fig. 29. Antheridial papilla. Fig. 30. Cilia. Fig. 31. Section through a young 
capsule (c) with an adjoining antheridical papilla (oc). Fig. 32. Spore, outer face, 
Fig. 33. Spore, inner faces. 


broad, apex truncate, sulcus deeper anteriorly, broad and shallow behind 
disappearing posteriorly, margin convex, sharply drawn out; ciliate, 
cilia 150-200 long, caducous with age with mature plants normally 
devoid of cilia; scales usually hyaline not extending beyond the margin; 
cross-section of the thallus about 3 times broader than high; air-spaces 
narrow; epidermal cells 1-layered, hyaline, spherical; antheridial 
ostioles prominent, projecting up to 150 above the surface; sporophyte 
prominent dorsally, numerous in several rows without any trace of the 
vegetative tissue in between, exposed by the decay of the overlying cells; 
spore dark brown, tetrahedral with the tri-radiate mark prominent, 80- 
100» in the maximum diameter, reticulate with 6-8 reticulations across 
the outer face, inner faces similarly reticulate, papillose in profile, winged, 
wing 6-8, wide, interrupted, margin broadly crenulate. 


Coll.: Udar and Satish. Loc.: On moist walls on the Buakhal 
Forest Road. Date: 3-10-1957. Nos. 7145, 7148, 7157. 


R. pathankotensis is one of our very characteristic species. The 
sporophytes are produced in large numbers running in several irregular 
rows almost up to the apex of the thallus. Specimens of this species 
collected by the late Professor B. Sahni, F.R.s., from Almora are copi- 
ously fertile with at least 40 sporophytes on a single segment and the 
plants grow in excellent rosettes (Text-Fig. 22). These plants, collected 
from a very moist habitat, have their wings spongy and are devoid of 
cilia. The Garhwal specimens are typical of the species with several 
cilia on the wing of the thallus and the margins. 


The discovery of this species from Almora by the late Professor 
Sahni and recently by the author from Pauri, Garhwal, shows it to be 
rather well represented in the Western Himalayas. In Garhwal, how- 
ever, it is apparently rare. 


4. Riccia discolor L. et L. 


R. discolor is a common species in Garhwal as also in other places 
in the West Himalayan territory, i.e., Naini Tal, Mussoorie, etc. 


Coll.: Udar and Satish. Loc.: Patesan (3,000 feet). Date : 
4-10-1957. Nos. 8156, 8157. Growing in association with R. billar- 
dieri and R. gangetica, 
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5. Riccia gangetica Ahmad 


R. gangetica is rather rare although it could be collected from the 
base of the hills to about 6,000 feet. Only occasionally a rosette or two 
was found in association with R. discolor. 


Coll.: Udar and Satish. Loc.: Patesan (3,000 feet). Date: 
4-10-1957. Nos. 8156a, 81576. Loc.: Satpuli (2,000 feet). Date : 
4-10-1957. No. 8158. Loc. : Gumkhal (6,000 feet). Date: 4-10-1957. 


6. Riccia billardigri Mont. et. N. 


R. billardieri, like R. gangetica, is rare in Garhwal. 


Coll.: Udar and Satish. Loc.: Patesan (3,000 feet). Date: 
4-10-1957. Nos. 8156, 8157. Growing in association with R. dis- 
color and R. billardieri. 


R. discolor, R. billardieri and R. gangetica have been described 
with respect to their details by Udar (1957) and Pandé and Udar (1957 5). 


7. Riccia aravalliensis Pandé et Udar 


R. aravalliensis described earlier by Pandé and Udar (1957) from 
Mt. Abu, Rajasthan, is being reported for the first time from the West 
Himalayan territory. It is significant that this species is rather widely 
distributed in and around Pauri (Nos. 8112, 811°, 8126, 8:29, 130) 
between altitudes 3,000-7,000 feet and normally grows in association 
with R. hirta. 


The plants from Garhwal are larger in size, otherwise resemble 
the type specimens to a very great extent. They also form some perfect 
rosettes not noticed in the Mt. Abu specimens. The spores are larger 
in size (up to 125) and the reticulations also more (up to 6) across the 
outer face of the spore. The inner faces of the spores, however, have 
the characteristic incomplete reticulations. 


Coll.: Udar and Satish. Loc.: Gumkhal. Date: 4-10-1957. 
No. 8160. 


SUMMARY 


1. A new Riccia, R. pandéi Udar, a species named to honour 
Dr. S. K. Pandé, p.sc., the noted Indian Bryologist, has been described 
from Pauri (a. 5,860 feet), Garhwal District, Uttar Pradesh. The species 
is characterized by thalli which are intermediate between Riccia and 
Ricciella and normally grow in a cruciate pattern. A discussion for 
its segregation from the known species of the genus has been given. 


2. The paper also includes a note on the genus Riccia from the 
West Himalayan territory, based on a collection of the hepatics by the 
author from Garhwal as well as from previous reports of the genus 
from this territory. 


3. In all, 10 species of Riccia occur in this territory (excluding 
R. fluitans-complex), viz., R. pandéi Udar, R. hirta (Aust.) Underw. ° 
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R. pathankotensis Kash., R. melanospora Kash., R. discolor L. et i 
R. sorocarpa Bischoff., R. aravalliensis Pandé et Udar, R. gangetica 
Ahmad, R. billar. ieri Mont. et N. and R. crystallina L. 


4. R. orientalis Ahmad has been reduced to a synonym of R. hirta 
(Aust.) Underw. The latter so far known from the North America 
has now been reported from India. 


5. A detailed illustrated account of R. pathankotensis Kash., 
one of our endemic and little-known species, has been given and its 
Latin diagnosis has been provided to complete its account. 
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